Increasing Ride Efficiency and Evacuation Planning in Parque de Diversiones by Hall, Derek R. et al.
Worcester Polytechnic Institute
Digital WPI
Interactive Qualifying Projects (All Years) Interactive Qualifying Projects
July 2007
Increasing Ride Efficiency and Evacuation Planning
in Parque de Diversiones
Derek R. Hall
Worcester Polytechnic Institute
Edward Kalust Tacvorian
Worcester Polytechnic Institute
Elizabeth Jean Brooks
Worcester Polytechnic Institute
Laura Grace Barry
Worcester Polytechnic Institute
Follow this and additional works at: https://digitalcommons.wpi.edu/iqp-all
This Unrestricted is brought to you for free and open access by the Interactive Qualifying Projects at Digital WPI. It has been accepted for inclusion in
Interactive Qualifying Projects (All Years) by an authorized administrator of Digital WPI. For more information, please contact digitalwpi@wpi.edu.
Repository Citation
Hall, D. R., Tacvorian, E. K., Brooks, E. J., & Barry, L. G. (2007). Increasing Ride Efficiency and Evacuation Planning in Parque de
Diversiones. Retrieved from https://digitalcommons.wpi.edu/iqp-all/971
5 July 2007 
 
Sr. Braulio Petta 
Parque de Diversiones 
La Uruca 
San José, Costa Rica 
 
Sr. Petta, 
 
We would like to thank you for the opportunity to work with you, Siony Moya, and 
Cinthia Nevarro at Parque de Diversiones.  We feel that this project has been a great 
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throughout our several weeks in Costa Rica. 
 
Enclosed is our final report entitled “A Proposal to Improve Ride Efficiency and 
Evacuation Planning at Parque de Diversiones.”  Copies of this report are simultaneously 
being submitted to Professors Higgins and El-Korchi for evaluation.  Upon review, the 
original will be catalogued in the Gordon Library of Worcester Polytechnic Institute.  It 
has detailed descriptions of our background research, methods for evaluating the park, 
our findings, and our final recommendations. 
 
Thank you very much for sponsoring this project and for providing all of the information 
and assistance we needed.  We wish you the best of luck with the future, and we hope 
that the park continues to grow and expand successfully. 
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Laura Barry 
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Elizabeth McLaughlin 
 
 
 
Edward Tacvorian 
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ABSTRACT 
 
Parque de Diversiones is a non-profit amusement park in La Uruca, San José, founded 
solely to raise funds for El Hospital Nacional de Niños.  The goals of this project, 
conducted for Parque de Diversiones, were to make recommendations to improve the 
efficiency of four park rides and for the creation of an emergency evacuation plan.  
Recommendations were based on research of international standards and other parks’ 
best practices, combined with an analysis of park records, direct observation, and 
interviews with our sponsors and park employees.
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EXECUTIVE SUMMARY 
 
Parque de Diversiones is a non-profit amusement park that raises funds to benefit 
El Hospital Nacional de Niños.  To increase their contribution to the hospital, Parque de 
Diversiones needs to increase profitability.  One means of accomplishing this is to 
increase the efficiency of four popular rides.  In addition, the park needs an emergency 
evacuation plan to ensure the safety of the visitors in the park.  This project had two main 
goals:  to suggest improvements for Parque de Diversiones to improve efficiency of the 
rides Pacuare, Reventazón, Carros Antiguos, and Go Karts, and to make 
recommendations for the establishment of an evacuation plan.  Our research objectives 
were to identify best practices for ride efficiency methods identified based on direct 
observation, park records, and interviews applicable to Parque de Diversiones, and to 
recommend safety standards applicable to the development of an evacuation plan.   
Ride Efficiency 
In this study, ride efficiency has two components:  ride capacity and rider 
throughput.  Ride capacity is defined as the maximum number of riders who can be safely 
loaded into each car or boat on each trip.  Rider throughput is defined as the number of 
riders that pass through the ride per unit of time; for the purpose of this project, we set the 
unit time equal to an hour.  From best practices utilized by other parks, we developed 
several research questions for which we needed to perform observations of rides and 
conduct interviews with personnel to answer. 
 To determine the capacity of the rides, we observed whether the rides were 
running at maximum capacity by viewing 10 runs on four occasions for a total of 40 
observations per ride.  Through direct observation and personal communication with 
Siony Moya, ride manager, we observed multiple factors affecting employees’ ability to 
fill rides to capacity on each run.  We then determined the rate of rider throughput for 
each ride by directly taking 40 observations of rider throughput per ride, and recording 
the time taken for loading, ride time, unloading, and time in between loading and 
unloading when applicable.  The observations were plotted in a frequency histogram in 
order to demonstrate the normal distributions as well as the outliers caused by extraneous 
circumstances.  The outliers were determined as observations beyond approximately two 
standard deviations.  The current rider throughput was then determined based upon the 
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average times excluding outliers.  Finally, the target rider throughput was determined 
based on the target ride time which is defined as the average current time minus one 
standard deviation. 
To analyze rider throughput, we identified an array of factors having negative 
effects and impeding a higher potential rate.  These were inefficient employee direction 
to riders, inefficient employee performance, mechanical problems, equipment shortages, 
safety time delays, group size, rider agility, and riders not following directions. 
 Finally, we evaluated the feasibility of adopting best practices used at other 
amusement parks.  During the evaluation process, discussions with Braulio Petta, park 
manager, revealed various constraints for the implementation of some best practices.  
Other best practices were determined to be difficult to implement after directly observing 
both visitor behavior at the park and the physical line structures. 
To make recommendations for improving each ride, we took into account the 
current and potential capacity, impediments identified for each ride, factors negatively  
impacting the capacity and rider throughput, and best practices based on our 
observations.  The following paragraphs summarize our findings and recommendations 
for each ride. 
 Pacuare 
 Pacuare was found to run, on average, 1.2 riders below capacity per boat.  A 
factor negatively affecting the capacity was the grouping of visitors by employees done 
early in line, allowing time for these groups to disband.  More importantly, we learned 
from interviews that employees were more concerned with visitor preference with respect 
to grouping than with achieving maximum capacity.   
The throughput of Pacuare was 407 riders per hour with a target throughput of 
478 riders per hour, a 17.4% increase.  Throughput was affected by inefficient employee 
performance in 100% of our observations:  grouping had been done too early in line and 
instead of helping stuck boats, employees would wait for the next boat to hit it, causing 
that boat to lose momentum and stop.  Also, we noticed a shortage of boats in 100% of 
our observations, in addition to a long wait caused by the safety delay.  Rider agility 
affected rider ability to load into the boats. 
 xvi 
 Recommendations to improve capacity on Pacuare focus on employee 
performance.  We recommend that employees group visitors shortly before loading the 
boat to allow less time for visitor groups to disband.  Also, because minimum capacity 
was not always reached, we recommend that employees enforce the minimum capacity 
rule and always combine small groups of three or less riders.  To improve ride efficiency 
on Pacuare, we recommend the installation of a set of steps to assist children, the elderly, 
and less agile riders to load into the boat more easily.  We also recommend that 
employees at the unloading station receive instruction to take action when a boat does not 
catch onto the conveyor belt. 
 Reventazón 
 Reventazón ran at maximum capacity; its throughput was 336 riders per hour with 
a target of 448 riders per hour, an increase of 33.3%.  Reventazón was affected by 
inefficient employee performance 90% of the time:  boats were placed improperly on the 
conveyor belt, which frequently caused them to get stuck. 
A focus on the unloading process to increase efficiency at Reventazón led us to 
recommend that training for employees at the unloading area place an emphasis on the 
importance of removing the raft from the slide in a timely manner.  To ensure that 
employee performance is efficient, we also recommend increased employee supervision 
at this ride. 
 Carros Antiguos 
 Carros Antiguos ran, on average, 1.5 riders below capacity per car.  We observed 
that groups were not combined in effort to achieve maximum capacity because each 
group has their own driver; combining two groups would mandate that only one of the 
groups’ drivers get to drive, dissatisfying the other driver.  The rider throughput was 
calculated at 115 riders per hour, with a target throughput of 171 riders per hour, an 
increase of 49.5%.  Factors that negatively impeded the throughput rate was unnecessary 
moving of cars by employees 100% of the time, and a safety time delay 100% of the 
time.  We also observed cars derailing 16.7% of the time. 
Our recommendations for improving efficiency at Carros Antiguos focused on the 
common mechanical problem of cars derailing, as well as employee performance.  To 
limit the frequency of car derailment, we recommend that the rail along a problematic 
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turn be raised.  In addition, we recommend that employees receive instruction on how to 
react to this situation. 
 Go Karts 
 Go Karts ran on average 1 rider below capacity per run, and throughput was 179 
riders per hour.  The target throughput was found to be 210 riders per hour, a 17% 
increase.  It was observed that employees at Go Karts often miscount the number of 
riders.  In addition, single riders were not allowed to drive unused double cars.  It was 
affected by inefficient employee performance 100% of the time.  In addition, lack of 
employee direction caused confusion between riders when loading 100% of the time. 
To achieve maximum capacity on Go Karts, we recommend that a minimum of 
three employees work at the ride, and allow single riders to use double cars in the event 
that there are no double riders in line.  In addition, we recommend that employees be 
supervised for their performance, and receive training in the use of the next group waiting 
area as well as recognition of riders in need of assistance to buckle seatbelts. 
We found that two best practices would be feasible for all four of the rides, and 
recommend their use.  These are the use of mechanical counters and an even distribution 
of tasks among employees.  We recommend the park distribute mechanical counters to 
employees for use during the ticketing process; this will decrease time to record 
information about the number of visitors.  An even distribution of tasks among 
employees at each ride will ensure that employees are neither idle nor overwhelmed. 
Evacuation Planning 
Safety standards applicable to the park are governed by the Occupational Safety 
and Health Administration, or OSHA.  OSHA standards are accepted by the International 
Association of Amusement Parks and Attractions, or the IAAPA, of which Parque de 
Diversiones is a member.  The four criteria for emergency planning and readiness are: 
1. Emergency plans should be written, available to all employees, and cover 
what to do in the case of fire, toxic chemical releases, hurricanes, and other 
common situations 
2. Maps or signs should be distributed strategically throughout the park and 
clearly show the emergency escape routes 
3. All employees should be aware of the evacuation plan and their role in it 
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4. Emergency equipment, such as fire extinguishers, must be maintained.  
Employees should know where to access such equipment and how to 
effectively use it in the case of an emergency 
Parque de Diversiones was evaluated by the project team to determine which of 
these safety standards the park already met and which we could make recommendations 
for meeting.  Through direct observation and personal interviews with park managers and 
employees, we found that Parque de Diversiones only met the fourth criterion.  The 
following paragraphs explain how the park was evaluated for each standard followed by 
our recommendations to meet the standard. 
 To evaluate if the park met the first standard, we interviewed Cinthia Nevarro, 
safety manager.  She informed us that the park did not have a written, available plan; the 
park was found to not meet the standard.  However, there were several components of a 
plan already established, such as a chain of command, assembly areas, and a list of the 
types of emergency situations. 
 Our recommendations for meeting the first standard is to create a formal, written 
document that states the procedures for the various types of emergency situations 
common to Costa Rica, such as fire, tornado, earthquake, chemical (gasoline) spill, and 
power outages.  This written plan should also include a chain of command, the 
responsibilities of employees, where to guide visitors, and whom to contact.  The park 
has much of this information already implemented; however, it is neither written nor 
available, and therefore does not meet OSHA standards. 
 Direct observation of the park showed that the second OSHA standard was not 
met.  There were no maps or exit route signs; the five exit signs found within the park did 
not meet standards.  These standards state that signs must be distinctive in color, contrast 
other decorations or signs, must have plain, legible letters at least six inches (15.24 cm) in 
height and three quarters of an inch (1.9 cm) in width. We noted that none of the five 
signs in the park met these criteria and thus we concluded that the park did not meet this 
OSHA standard.  In addition, routes were plotted from each ride to a potential emergency 
exit.  We determined the route the Bomberos would need to use when entering the park 
and planned the route for visitors accordingly. 
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 To meet the second standard, we recommend that the park distribute emergency 
exit and route signs throughout the park in locations we determined based on our analysis 
of OSHA’s standards, specifically to post signs in locations separate from regular park 
signs.  The park currently does not have any signs for emergency exits or routes that meet 
regulations.  Within the scope of this project, we have recommended the locations for 
several signs near the four rides under study.  The parameters for design and placement of 
signs are included in this report; we suggest that Parque de Diversiones apply these 
parameters for the distribution of signs to the rest of the park.  We also recommend that 
the park place signs designating the five assembly areas. 
 Interviews were necessary to determine if employees were aware of a plan to 
meet the third standard.  A questionnaire was used to test 15 employees’ knowledge of 
assembly areas and responsibilities; all were found to know the locations of emergency 
exits as well as the fire extinguishers.  Out of the 15 employees, 13 placed visitor safety 
as their top priority, showing that most employees are aware that visitor safety is their top 
priority.  In the event of an emergency, an employee must ensure the visitors are safe and 
call a supervisor.  Through the employee interviews, it was noted that 9 of the 15 
employees knew where to evacuate visitors in an emergency, and 11 of the 15 knew to 
contact a supervisor.  We recommend altering the training to incorporate the proper 
emergency procedures needed to be completed by an employee; 100% of employees need 
to be certain about proper procedures to meet the third OSHA standard. 
 To meet the third standard, we recommend additions to the current employee 
training process.  Analysis of employee interviews showed that only 73 percent of the 15 
employees interviewed were certain of how to react during an emergency situation – a 
stronger emphasis on proper emergency procedures during training would resolve this 
problem.  Only 60 percent of the employees interviewed knew the correct locations of 
park exits and assembly areas; these results led us to conclude that the park did not meet 
the third standard.  We recommend, after attending general employee training ourselves, 
that a stronger emphasis be placed on the proper procedures during an emergency 
situation.  This includes both the written instructions distributed to new employees, and 
the oral presentations given during employee initial training.  Other recommendations for 
increasing awareness of the emergency evacuation plan are to include more frequent 
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emergency evacuation simulations of both the rides and the park.  Each employee should 
attend at least one simulation before beginning work at the park. 
 Finally, we determined that the park met the fourth OSHA standard because fire 
extinguishers were adequate and properly maintained.  Through an interview with Srta. 
Nevarro, we found that employees receive training for the use of fire extinguishers.  
Combined with our direct observations, this led us to conclude that the park met the 
fourth OSHA standard.  We recommend that the park continue in its good practices of 
periodically checking the fire extinguishers throughout the park to comply with the fourth 
OSHA standard. 
 One other recommendation applies specifically to Pacuare.  After an interview 
with Srta. Nevarro, we were informed of Pacuare’s unique situation due to its line 
structure, which limits the ability of evacuation to only two exits.  Costa Rican safety 
regulations state that, if the number of visitors in line exceeds 500, then there must be a 
minimum of three exits.  For this reason, we recommend the modification of the current 
line structure to include a third exit leading to an area near Reventazón.  This exit should 
consist of a gate and ramp of no less than 96 centimeters in width and no more than a 12 
degree incline according to OSHA standards.  Due to the terrain, a staircase with a 
handrail is also necessary. 
All recommendations are based solely on the direct observations made by the project 
team, personal interviews, and archival research.  These recommendations should 
improve the ride efficiency of the four rides studied, allow the park to create an 
evacuation plan that meets IAAPA standards, and increase the park’s readiness for 
emergency situations.  If these recommendations are applied throughout the Parque de 
Diversiones, it will be safer and lead to greater profits to be donated to El Hospital 
Nacional de Niños. 
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1 Introduction 
 
Although Costa Rica is considered to be one of the most successful Central 
American countries, both politically and economically, health care does not meet the 
same standards of developed nations such as the United States (The World Factbook, 
2002).  In 1986, the government assumed control of the health care system to ensure 
adequate funding for hospitals.  In addition to government funding, Costa Rican hospitals 
can fundraise or obtain donations from other sources (Morgan, 1987).  One example of 
these hospitals is El Hospital Nacional de Niños, which has been a primary source of 
medical services since its foundation in 1964 (centralamerica.com, 2001).  Before the 
government assumed control of the healthcare system, the hospital was funded 
exclusively by donations through the National Children’s Hospital Association.  Today, 
in addition to government funding, El Hospital Nacional de Niños receives revenue from 
Parque de Diversiones, an amusement park constructed to generate profits solely for the 
benefit of the hospital.  If the amusement park’s profits were to increase, the hospital 
would not be the only benefactor:  all the children of Costa Rica would benefit from 
superior health care. 
El Hospital Nacional de Niños has a growing need for more funding due to the 
planned expansion of the hospital and the desire for more technologically advanced 
equipment. This funding can potentially be earned by Parque de Diversiones.  Annually, 
Parque de Diversiones earns $250,000 - $300,000.  The park managers believe that this 
income could be nearly doubled, mainly through the improvement of ride efficiency, 
particularly at four of its rides.  For this project, ride efficiency is defined as reaching the 
maximum number of riders able to pass through a ride given the equipment currently 
available.  The two main components of ride efficiency are capacity and rider throughput.  
Capacity is defined as the maximum number of riders that can be safely accommodated; 
rider throughput is defined as the number of riders passing through a ride per hour.  
Improving these aspects will allow Parque de Diversiones to generate more revenue for 
El Hospital Nacional de Niños. 
In addition to improving capacity and rider throughput to the four rides, we 
needed to address the safety of visitors.  A second problem faced by the park regarded 
 2 
safety.  The park did not have an available evacuation plan that complied with 
international standards defined by the International Association of Amusement Parks and 
Attractions, or the IAAPA.  The lack of an evacuation plan put visitors at risk, but 
resources available through the IAAPA and the Occupational Safety and Health 
Administration (OSHA) aided in determining in what ways the park could improve to 
meet the regulations.  These resources included books published by OSHA with 
instructions on how to create an evacuation plan specific to the amusement park industry. 
To determine whether Parque de Diversiones met international regulations for 
amusement parks, this project team researched and used OSHA guidelines and standards.  
This project proposed improvements to the evacuation plan by determining where the 
park did not meet these standards.  The means of accomplishing this is discussed in 
chapter three. 
The IAAPA, of which Parque de Diversiones is a member, applies OSHA 
regulations for emergency planning and safety.  The evacuation standards, when applied 
to the four rides under study, could then be applied to the entire park to improve safety.  
While it was unknown what standards the park or the four rides met, this was determined 
on site. 
An emergency evacuation plan to ensure safety as well as the increased efficiency 
of the rides will generate more profits to benefit the Hospital de Niños.  The project 
addresses solutions to the efficiency problems by observing the park’s loading and 
unloading procedures, researching best practices used by other parks, and by interviewing 
employees most involved with the ride processes at the park.  For the purpose of this 
project, the ride process is define as the time from the loading of the ride until that unit 
finishes the entire ride and prepares to reload.  Also, this project recommends ways in 
which to comply with IAAPA and OSHA safety standards.  By doing this, the park is 
safer for both employees and visitors, and the park is able to generate the desired increase 
in profits for the Hospital Nacional de Niños. 
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2 Background 
2.1  Introduction 
 This chapter includes information about the sponsor, Parque de Diversiones, as 
well as the park history and detailed descriptions of the four rides studied in this project.  
In addition, models for pedestrian dynamics and its applications are described for ride 
efficiency and evacuation, as well as the importance of an evacuation plan.  Information 
concerning the payment processes, operator allocation, and operator performance with 
regards to ride efficiency are included.  An understanding of the concepts of ride 
efficiency and pedestrian dynamics aided in the understanding of the park’s problems and 
helped us to make recommendations to attain the goal of increasing profits. 
2.2 Park History 
 The Children’s Hospital of Costa Rica Foundation, known as CHCRF, is the 
reason El Hospital Nacional de Niños was established.  During the 1950s, a polio virus 
epidemic in Costa Rica left over 2,000 children with severe disabilities.  Because of this, 
Dr. Carlos Sáenz Herrera, head of the pediatrics department in San José, wanted to make 
an expansion to the hospital’s pediatric ward.  He realized an expansion to the ward 
would not be sufficient and decided to raise money to build a new children’s hospital.  To 
provide the necessary support for this new hospital, Dr. Herrera founded the National 
Children’s Hospital Association (NCHA) and by 1964, El Hospital Nacional de Niños 
was created.  Later on, representatives of the NCHA founded the CHCRF which 
currently requests donations from personal and corporate entities to further develop and 
improve the children’s hospital (Children’s Hospital Costa Rica Foundation, 2007). 
One means of fundraising for the hospital is the amusement park, Parque de 
Diversiones, which was created solely for this purpose. According to the CHCRF 
website, “The Amusement Park was the first of its kind in the country, and, after 25 
years, still the best” (Children’s Hospital Costa Rica Foundation, 2007).  The park 
employs roughly 350 people and generates $250,000-$300,000 each year with 25 to 35 
percent of the profits sent to the hospital and the remainder used to maintain and improve 
the park (Children’s Hospital Costa Rica Foundation, 2007).  The park contains a large 
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number of rides and other attractions, including live shows and a food court.  The 
following section contains descriptions of the four rides that this project focused on. 
2.3 The Rides 
The park does not charge an entrance fee, but sells tickets and wrist-stamps that 
visitors use to enter individual rides.  For the purpose of this proposal, a visitor will be 
defined as any person, not an employee, on the park premises and a rider will be defined 
as any visitor who is going through the riding process.  Visitors give tickets to an 
employee to access the ride; once all the visitor’s purchased tickets are used, more must 
be purchased if he or she wishes to continue riding the attractions.  In comparison, wrist-
stamps act as an all-day pass, allowing the rider to load onto any ride any number of 
times.  The price per ticket is 425 colones (slightly less than $1); the price for a wrist-
stamp is 4,800 colones (roughly $9). 
In what follows, we describe each ride in detail. 
2.3.1 Pacuare 
Pacuare is a large boat ride that carries riders on an imitation white water rafting 
trip.  Its maximum capacity is 90 people per ride when all 15 rafts are full.  The park 
states that the ride makes 7 trips per hour, meaning that 630 visitors can ride in an hour.  
Figure 2.1 is a photograph of the ride. 
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Figure 2.1 Photograph of Pacuare 
 
The loading process is as follows: 
1. An employee checks for a wrist-stamp or takes tickets for the ride.  The 
visitors wait in line until they are allowed to load under supervision of an 
employee. 
2. The employee allows riders to load. 
3. The employee initiates the ride. 
Upon the conclusion of the ride, the boat is moved by conveyor belt to an unloading 
station where riders exit the ride.  Each boat then moves forward off the conveyor belt at 
the unloading station to enter another conveyor belt that returns it to the loading station.  
For an illustration of this process, see Figure 2.2. 
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Figure 2.2 Ride Process for Pacuare 
Adapted from Parque de Diversiones (2007).  Report on Park Rides.  San José, Costa 
Rica. 
2.3.2 Reventazón 
 Reventazón is a small boat ride down a long, tunnel- like slide.  The ride has a 
capacity of 34 people per ride.  Parque de Diversiones records state that this ride runs 16 
times per hour, for a total of 480 riders per hour when each boat is filled to capacity.  
Figure 2.3 is a photograph of the ride. 
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3.  Employee 
initiates ride 
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to unloading 
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5.  Riders 
unload 
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forward to 
another 
conveyor belt to 
loading station 
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Figure 2.3 Photograph of Reventazón 
 
The loading process is as follows: 
1. An employee checks for a wrist-stamp or takes tickets for the ride.  The 
visitors wait in line until they are allowed to load under supervision of an 
employee. 
2. The employee removes a boat from the top of a conveyor belt and places it at 
the entrance of the slide. 
3. The boat is loaded and can hold two riders. 
4. The operator receives a signal that the slide is cleared, and the riders begin the 
ride. 
When the ride concludes, riders exit the boat, allowing an employee to place each 
boat on the conveyor belt to be carried back to the beginning of the ride.  For an 
illustration of this process, see Figure 2.4. 
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Figure 2.4 Ride Process for Reventazón 
Adapted from Parque de Diversiones (2007).  Report on Park Rides.  San José, Costa 
Rica. 
2.3.3 Carros Antiguos 
 The Antique Car ride consists of a track with five cars that each have a limit of 4 
riders and a minimum of 2.  The ride has a capacity of 20 people per ride and only 8 trips 
per hour for a total of 160 riders per hour at maximum capacity.  Figure 2.5 is a 
photograph of the ride. 
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5.  An 
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receives signal 
that the slide is 
clear, and the 
ride begins 
1.  An 
employee takes 
tickets or 
checks for 
wrist-stamp 
6.  Riders exit 
ride; an 
employee 
places boat on 
conveyor belt 
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Figure 2.5 Photograph of Carros Antiguos 
 
Its loading process is as follows: 
1. An employee takes tickets or checks for a wrist-stamp. 
2. Each group of riders loads into the car and can begin when the car ahead 
reaches the bridge. 
The unloading process consists of the car coming to a stop at the unloading station 
before the riders exit the vehicle.  An employee then manually drives the car to the 
loading station, allowing the next group to load.  For an illustration of this process, see 
Figure 2.6.  
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Figure 2.6 Ride Process for Carros Antiguos 
Adapted from Parque de Diversiones (2007).  Report on Park Rides.  San José, Costa 
Rica. 
2.3.4 Go Karts 
 The Go Karts ride consists of a track with 17 go karts, usually about 2/3 single 
cars and 1/3 double cars. It has the smallest capacity (22 people).  It makes 7 trips per 
hour; it has a maximum capacity of 154 riders per hour.  Figure 2.7 is a photograph of the 
ride. 
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4.  An employee 
manually drives car 
to loading station 
2.  Each group of 
riders loads the car 
and can begin when 
previous car 
reaches bridge 
3.  The car stops at 
an unloading 
station; riders exit 
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Figure 2.7 Photograph of Go Karts 
 
The loading process is as follows: 
1. An employee takes tickets or checks for a wrist-stamp 
2. Enough riders are allowed to fill the capacity of the ride – there are both 
double and single rider karts. 
3. Between three (off season) and five (high season) employees check that riders 
are buckled in before allowing the ride to start 
At the end of the ride, riders unbuckle themselves and exit the ride, and new riders are 
allowed to enter.  For an illustration of this process, see Figure 2.4. 
 12 
 
Figure 2.8 Ride Process for Go Karts 
Adapted from Parque de Diversiones (2007).  Report on Park Rides.  San José, Costa 
Rica. 
 
While these statistics provide an understanding of how each ride operates, they do 
not include the length of time a visitor spends in line waiting to load the rides.   
2.4 Increasing Ride Efficiency 
 Increasing ride efficiency for the purpose of this project means reaching the 
maximum number of riders per hour which can be supported by each ride given the ride 
equipment currently available.  There are two main ways to increase the number of riders 
per hour for each of the four rides under study:  filling the rides to capacity each time 
they run and speeding up the ticketing, loading, and unloading processes to increase the 
rate of rider throughput (see Glossary).  The following sections analyze each of these 
1.  Employee takes 
tickets or checks for 
a wrist-stamp 
4.  Riders unbuckle 
themselves at end of 
ride and exit 
2.  Enough visitors 
to fill capacity of 
ride are allowed to 
enter 
3.  Employees check 
that riders are 
secured with safety 
belts 
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processes in order to highlight potential problem areas suggested by the DVD provided 
by the park.  Potential problems with line structure and employee / rider interaction are 
also examined.  Key concepts from the field of pedestrian dynamics are applied to ride 
efficiency. 
2.4.1 An Introduction to Pedestrian Dynamics 
The dynamics of pedestrians is important to the efficiency of any public place 
attracting a large number of people.  The science of pedestrian dynamics involves the 
“modeling and simulation of pedestrian and crowd movement” (Schreckenberg, M., 
Sharma, S., 2002).  Any public place needs to move people into and through the facility.   
The lessons from different studies of how pedestrians move in a crowd helped to create 
recommendations that will increase ride efficiency.     
Pedestrian dynamics models use simplified situations and different parameters to 
better define human decision and movement.  In one model, the creators used a grid on 
which pedestrians attempt to move out of a room or a building (Kirchner, A., Nishinari, 
K. & Schadschneider, A., 2003).  The authors included different parameters that define 
the movement of people, such as conflict and friction.  The authors described the conflict 
parameter as “A situation in which two or more people try to enter the same space in one 
time step” (2003).  In other words, there is conflict whenever two or more people slow 
down or stop due to interaction.  The concept of friction is defined as the, “Clogging 
phenomena of pedestrians” (2003).  An example of this is “The effect of a moment of 
hesitation” (2003).  Basically, friction occurs any time a pedestrian stops to make a 
decision.  Due to the number of decisions and choices that need to be made by visitors at 
each of the four rides, the concepts of conflict and friction needed to be considered for 
our study of ride efficiency.  These concepts were apparent at the payment checkpoints as 
well as during the loading / unloading processes. 
2.4.2 Payment Checkpoint 
 For each of the four rides under study, visitors experience similar loading 
processes.  After entering a structured line, they pass through a payment checkpoint and 
stop at the ride’s loading zone.  Each payment checkpoint involves a ticket box that is 
utilized by a park employee.  Each metal, yellow ticket box has a slit in the lid for 
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inserting tickets and is secured closed with a lock.  Each employee operating a payment 
checkpoint is equipped with a hole-puncher and a clipboard with charts to document 
various aspects of the rides, including number of visitors as well as accident reports.  This 
section discusses the payment checkpoint process, which is illustrated below in Figure 
2.9. 
 
 
Figure 2.9  The Payment Checkpoint 
Adapted from Parque de Diversiones (2006).  Juegos Mecánicos [DVD].  San José, Costa Rica. 
 
 One potential problem with the above payment checkpoint process is the length of 
time taken to collect tickets, punch holes in them, put them in the ticket box, and record 
the data on a clipboard.  The line does not progress while each ticket customer is 
processed.  Each time the line stops to process a ticket customer, there is a time delay 
between when a visitor enters the line and loading the ride. 
2.4.2.1 Automated Payment Collection 
 Automated processes are often faster than manual processes.  Operation 
management specialists Chase, Jacobs, and Aquilano recommend thinking in the long 
Employee asks visitor for tickets 
or wrist stamp 
Visitor shows employee his or her 
wrist stamp 
Visitor gives employee his or her 
tickets 
Visitor proceeds to the loading 
zone 
Employee punches a hole in each 
ticket using hole puncher 
Employee inserts tickets into the 
ticket box 
Employee records data about the 
transaction on their clipboard 
Visitor proceeds to the loading 
zone 
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term and “Where appropriate, develop plans for automating or speeding up the process in 
some manner” (2005).  The difference between manual ticket taking and an automatic 
process can be illustrated by the difference between manual toll booths, where a person 
takes money from drivers as they pass through, and an automatic coin machine toll booth, 
where a funnel- like receptacle collects money from the car drivers as they pass by.  
According to the Texas Transportation Institute, “The capacity of a manually operated 
tollbooth is approximately 350 vehicles per hour, while the capacity of an automatic coin 
machine booth is approximately 500 vehicles per hour” (2001).   
One option for automatic payment collection compatible with Parque de 
Diversiones might be the use of token operated turnstiles, similar to those used in many 
subway stations.  These turnstiles are locked in position until a token is inserted into an 
opening, at which point the turnstile unlocks for one rotation, allowing one person to pass 
through.  In addition, turnstiles are able to count visitors and have the option of requiring 
a certain number of coins before unlocking.   
A transition to automatic ticket taking would involve replacing paper tickets with 
tokens and the installation of turnstiles.  While this would be expensive in the short term, 
in the long term tokens could be cheaper because of their ability to circulate.  The paper 
tickets are one-time-use-only, whereas tokens can be reused indefinitely. 
2.4.2.2 Mechanical Counters 
 Another, more cost effective tool used by other amusement parks, water parks, 
night clubs, bars, and other places where counting visitors is a necessity, is a mechanical 
counter.  These counters, usually made of steel, cost about $6 a piece and count up to 
10,000 ( www.tallycounterstore.com, 2007).  This small mechanical counter could easily 
count the number of visitors at the payment processes for each of the rides, eliminating 
time spent for an employee to record data about the number of visitors each time a group 
is allowed to pass through the payment checkpoint. 
2.4.3 Line Structure 
 Another potential impediment of rider throughput observed while watching the 
DVD provided by Parque de Diversiones was in the line structure (Juegos Mecánicos, 
2006).  This problem was that visitors were waiting in the same line regardless of group 
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size or payment type.  This means that visitors with wrist-stamps wait while visitors with 
tickets are processed, despite the fact that wrist stamp payment is processed far faster 
than the ticket-taking process.  Another delay was observed in the DVD when employees 
went through the difficulty of grouping the right number of people to consistently run the 
ride at maximum capacity (2006).  A technique used by many other parks that could 
benefit Parque de Diversiones is that of sorting visitors based on relevant criteria during 
the loading process.  In the case of Parque de Diversiones, making changes to the 
structure of the lines to sort the visitors based on group number and payment type could 
make filling the rides to capacity easier, as well as speeding up the loading process. 
2.4.3.1 Single Rider Line 
 It can be seen in the DVD Juegos Mechanicos, that the four rides under study 
often run at less than maximum capacity despite the large number of people in line.  
Other amusement parks such as Disney World, Universal Studios, and Six flags have 
implemented the concept of a single rider line to help fill rides to maximum capacity.  
This concept is also apparent at ski resorts to fill chair lifts.  Single rider lines group 
single riders together, allowing the ride operator to easily place them in vacant seats on 
the ride.  Brian Spencer, a physicist, explains in his research of a modern roller coaster:  
“sending a train with empty seats when you have a thousand people waiting is 
unacceptable.  Make two single riders ride together, or more effectively, have a single 
rider line.  Single rider lines not only reduce the wait for the single riders, but for the line 
as a whole.  Most importantly, however, the people in line see full cars running, which 
makes them feel everything is being done to get them to the ride as quickly as possible” 
(2007).  Simply, the more riders put on the ride, the faster the line will move. 
2.4.3.2 Dividing Line by Payment Type 
 Sorting people by payment type is not an uncommon practice.  It can be seen at 
toll booths that separate drivers based on whether they plan to use electronic toll 
collection such as “Fast Lane” or “E-Z Pass” versus cash payment.  Many commercial 
places separate visitors based on whether payment is by cash, check, or credit card.  One 
reason for this separation is because different types of payment require different amounts 
of time to process.  “If a customer needs something that can be done very quickly, give 
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them a special line so they do not have to wait for the slower customers” (Chase, Jacobs, 
Aquilano, 2005).  As previously explained in section 2.4.2, the process for tickets is 
noticeably longer than that of stamps.  By structuring the line to allow for only one 
payment type means that the entire line must stop and wait for each ticket transaction to 
be completed.  This might create a stop-and-go problem within the line. 
 Disney World has noted that due to its constant movement, the Spaceship Earth 
ride has “one of the highest hourly capacities of any of Disney’s ride systems” despite its 
slow speed and over thirteen minute ride time (Burns, 2007).  By moving the line at a 
constant rate, Spaceship Earth has become one of Disney World’s most efficient rides for 
number of riders per hour.  This provides evidence that if Parque de Diversiones’ lines 
were able to move at a more constant speed, the number of riders per hour for the rides 
would increase.  Separating the visitors based on payment type could reduce the amount 
of stop-and-go within the line, allowing the line to move at a more constant rate and 
thereby increase the number of riders per hour. 
2.4.3.3 Implementing a “Next Group” Waiting Area 
 Implementing a “Next Group” waiting area is another tactic used by other 
amusement parks worldwide.  The process is as follows:  while the ride operator is 
loading a group onto the ride, a second employee is preparing the next group of visitors 
to load onto the ride by taking them out of the line, moving them ahead to the loading 
waiting area, and making sure that the number of people in the group is equal to that of 
the maximum capacity.  This concept helps to speed up the loading process by 
completing two parts of the process at the same time and also aids in reaching maximum 
capacity.  Construction of wait areas can simply include a chained off section of the line 
or an area painted on the floor (such as numbered circles, one circle per person numbered 
from 1 to maximum capacity). 
2.4.4 Loading and Unloading Processes 
 In order to increase the number of riders per hour, it was essential that the loading 
and unloading processes be as efficient as possible.  The three potential problem areas 
within the loading and unloading processes observed on the Juegos Mecánicos DVD 
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were friction and conflict, the order of steps within the loading and unloading procedures, 
and employee allocation. 
2.4.4.1 Friction and Conflict 
 One problem with the loading and unloading process at the four rides under study 
was the high levels of friction and conflict.  In order to maximize ride efficiency, the 
amount of friction and conflict within these processes had to be reduced as much as 
possible.  Steps needed to be taken to decrease the number of choices the riders have as 
well as the chances of rider interactions during loading and unloading processes. 
2.4.4.2 Steps within the Loading and Unloading Processes 
Another problem, observed on the Juegos Mecánicos DVD (2006), during loading 
and unloading was that many steps that could be done simultaneously were being done 
consecutively.  Performing as many steps of the loading and unloading process 
simultaneously would result in a noticeable decline in the amount of time required to load 
and unload the rides. 
One example of performing steps simultaneously is loading and unloading the 
ride at the same time.  This concept can be observed on roller coasters throughout the 
United States.  When a roller coaster train pulls into the loading / unloading station, the 
riders are unloaded from one side of the train while the next group of riders is loaded into 
the train from the other side.  Loading and unloading the train simultaneously instead of 
consecutively saves time.  Also, having the riders exit from one side and enter from the 
other, the exiting riders and entering riders are kept from interacting, thereby minimizing 
conflict. 
2.4.4.3 Employee Allocation and Performance 
 The number of employees and their responsibilities could play a role in the speed 
of the loading and unloading processes.  One potential problem indicated on the DVD 
Juegos Mecánicos (2006) was the steps of the loading and unloading that could be done 
simultaneously but were done consecutively due to the restraint of only one employee at 
the station.  Having an additional employee could make simultaneous performance of 
tasks possible.  One problem with the employee performance was that some seem 
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unaware of their responsibilities.  More knowledgeable employees could lead to better 
performance and an increase in ride efficiency.  Employees who provide directions to 
visitors in line cause better organization and reduced confusion. 
2.5 Emergency Evacuation Planning 
Emergency planning is vital to maintaining a level of safety for any organization. 
Plans for businesses within the US are required to meet specific guidelines.  Due to 
Parque de Diversiones’ membership with the International Association of Amusement 
Parks and Attractions, the IAAPA, the US Department of Labor’s guidelines for 
evacuation regulations and standards apply to the park.  These standards needed to be 
used to create an emergency evacuation plan for Parque de Diversiones.  These 
guidelines are part of the Occupational Safety and Health Administration (OSHA) 
regulations, specifically Regulations (Standards – 29 CFR) for Exit Routes, Emergency 
Action Plans, and Fire Prevention Plans – 1910 Subpart E App.  Also discussed in the 
regulations are strategies for preparing employees for emergencies.  
2.5.1 Emergency Action Plans 
Under OSHA regulations (Table 2.2), an emergency action plan should include 
the following elements and should be prepared in the case of: fire, chemical releases, and 
weather phenomena.  
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Table 2.1 OSHA Criteria Applicable to Parque de Diversiones 
Adapted from U.S. Department of Labor.  Occupational Safety & Health Administration Regulations 
Standards – 29 CFR) Emergency Action Plans.  – 1920.38 
http://www.osha.gov/Publications/osha3088.html 
 
Another means of evacuation preparation is ensuring employees are informed and 
trained for an emergency.  OSHA states that “The employer should list in detail the 
procedures to be taken by those employees who have been selected to remain behind to 
care for essential… plant operations until their evacuation becomes absolutely necessary” 
(OSHA, 2002).  Without trained and informed employees, an emergency can develop 
into a disaster.  In a location such as Parque de Diversiones, calm, trained employees 
could ensure that panic remains at a minimum and that the evacuation proceeds smoothly. 
Additional means of preparation is knowing what help is available and who offers 
it.  In the San José area are medical, fire, and law enforcement providers which would be 
able to assist Parque de Diversiones in the event of an emergency.  The following 
sections include discussions of the above criteria and the types of services available. 
2.5.2 Exit Routes 
While having an emergency action plan and trained employees is vital to a 
successful evacuation, there must be sufficient exit routes for use.  The regulations 
regarding exit routes state that each exit must be permanent, constructed using fire 
resistant materials, and suitable for the maximum occupancy of the area.  Also, openings 
into any indoor or outdoor exit must be limited to minimize confusion and congestion 
# Criterion 
1 Emergency plans should be written, available to all employees, and cover what to do 
in the case of fire, toxic chemical releases, hurricanes, and other possible situations 
common to Costa Rica. 
2 Maps or signs should be distributed strategically throughout the park and clearly show 
the emergency escape routes.  (List of sign standards can be found in Appendix F.)   
3 All employees should be aware of the evacuation plan and their role in it. 
4 Emergency equipment, such as fire extinguishers, must be maintained.  Employees 
should know where to access such equipment and how to effectively use it in the case 
of an emergency. 
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along the route, and the exit discharge must lead directly outside to a street or public way, 
or an open space with access to the outside which must accommodate the number of 
people to be evacuated.  This can be found in the OSHA Standard 29 section 1910.36, 
included in Appendix F.  This is to ensure that evacuees, once in an exit route, follow a 
clear path to a safe exit that has the capacity for the amount of people evacuated from the 
park. 
2.5.2.1 Exit Signs 
 OSHA regulations state that all exits and any access to an exit that is not clearly 
visible must be identified by readily visible signs.  All exit signs should be illuminated, 
distinctive in color, and read “exit” (or something similar) in letters at least six inches 
high with an arrow indicating direction where needed.  Further standards are included in 
Appendix F. 
2.5.2.2 Fire Services 
Fire services, when arriving at the park, will need to use specific routes that could 
otherwise be used by visitors.  The fire brigade in Costa Rica is called the Cuerpo de 
Bomberos, and is considered a division of the Insituto Nacional de Seguros (the institute 
of national safety).  In addition to offering help in emergencies, accidents, and disasters, 
they also offer prevention services.  One service that could be useful to the park is a “fire 
risk evaluation.”  This service involves the Cuerpo de Bomberos creating a technical 
report for the park identifying the main factors that can trigger fire outbreaks and any 
preventative measures, but for a fee.  Aid for the creation of evacuation plans and 
measures for disaster prevention is also available through the bomberos (Instituto 
Nacional de Suguros, 2007). 
2.5.2.3 Medical Service 
The Cruz Roja Costarricense (The Costa Rican Red Cross) is trained to deal with 
a multitude of disasters, emergencies, and evacuations.  They are also a leader in pre-
hospital attention and ambulances in Costa Rica.  In the event of an emergency at the 
park, the Cruz Roja Costarricense would be called to transport anyone in need of medical 
attention to the hospital.  There are a large number of hospitals and healthcare provides in 
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the city of San José; the closest hospital to Parque de Diversiones is Hospital de México 
which is located 2 km (about 1.25 miles) east of the park.   
For everyday accidents, the park has a car to transport people to the hospital.  
Minor medical situations within the park are handled by a doctor in a medical facility 
inside the park.  These minor incidents include children falling or fainting.  The park uses 
a code for medical emergencies:  code green means there are ill- feeling patients; code 
yellow means that the visitor should not move without aid and may need immediate 
attention; code red is the most serious and requires hospitalization.  Codes are 
communicated by handheld radios, and every visitor that experiences a medical problem 
is recommended to see the on site doctor at the clinic. 
2.5.2.4 Law Enforcement 
 There are six main branches of the police; the branches that the park is most 
likely to deal with because the park is both in San José and a tourist spot are 1.) The 
Metro police, who patrol downtown San José and are responsible for public safety and 2.) 
The Guardia, who patrol market areas and tourist spots (Giralt, 2007).  These police 
officers are trained to perform searches, stop/apprehend suspects, and transport offenders 
to the judge in the event of any criminal activity taking place at the park. 
2.5.2.5 Pedestrian Dynamics 
Conflict and friction were defined earlier.  Reducing the conflict and friction 
between pedestrians will reduce the time necessary to evacuate all visitors and employees 
(Kirchner, A., Nishinari, K. & Schadschneider, A., 2003).  Conflict is the result of people 
fighting for a desired spot during a time of panic.  Relative to the Parque de Diversiones, 
conflict could be reduced by having clear orders for the evacuating pedestrians to follow.  
Friction can be a result of low visitor awareness of how to proceed during an emergency; 
for example, where to move and what actions to take.  Prominent and clear signage could 
help to reduce the effects of friction. 
Density, which is defined as the number of pedestrians per unit of area, is another 
parameter relevant to the evacuation process.  Density is a significant constraint because 
the speed at which pedestrians can move is directly proportional to the amount of space 
that is available (2003).  Using a model, one can accurately predict the movement of a 
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crowd.  The three parameters described above can be modified between simulations of 
the model, and other issues can be addressed in order to get a sense of how the dynamics 
of the system are changed.  In addition to the possibilities concerning conflict and 
friction, density in walkways can be decreased by creating more exits for riders to use.  
All of these factors have been singled out and dealt with in order to maximize the 
efficiency of an evacuation process during an emergency situation. 
Inefficient evacuations are often a result of the “faster- is-slower effect,” which is 
described in detail by Farkas, Helbing, Molnár, and Vicsek (2001).  The authors argue 
that, “Trying to move faster… can cause a smaller average speed of leaving” (p. 38).  
They go on to state that, “Fleeing people sometimes reduce their own chances of 
survival” (p. 38).  When the pedestrians interact with each other during panic, they 
decrease the efficiency of movement towards the exits.  Each person moving faster would 
cause more problems and slow down the evacuation as a whole.  The reasons that 
efficiency will decrease in emergency situations are a high density of people, the 
existence of a narrow passage, and high or varying velocity of pedestrians (Farkas, I., 
Helbing, D., Molnár, P., and Vicsek, T., 2001).  
Each of the models used to obtain a better grasp of pedestrian dynamics have their 
impact on an amusement park.  There are a certain number of exits, a limited amount of 
information available to the park visitors, and a dense distribution of pedestrians 
throughout the park.  The methods chapter will explain how this information will be 
gathered, and past studies about pedestrian dynamics will help to describe how to better 
manage the large-scale evacuation necessary for Parque de Diversiones.   
2.6 Conclusion 
 Our sponsor, Parque de Diversiones, is a non-profit amusement park created to 
raise funds for Costa Rica’s national children’s hospital, the Hospital de Niños.  The 
problem stated by our sponsor was that the park was in need of an evacuation plan as 
well as improved ride efficiency for four of its more popular rides.  The history of the 
park, rides in need of improvement, evacuation procedures, local emergency response, 
and potential problems with efficiency were identified in provided park records.  Further 
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onsite research was conducted to address the issues of ride efficiency and evacuation 
planning; methods for this onsite research are discussed in detail in the following chapter. 
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3 Methods 
3.1 Introduction 
In order to make recommendations for both improving ride efficiency and 
creation of an emergency evacuation plan for each of the four rides under study, we 
analyzed park documents, interviewed employees, attended employee training, and made 
direct observations.  These methods were all used to help us evaluate the parks current 
state in order to determine where changes would be beneficial to the fundraising goals 
and safety of the park. 
3.2 Ride Efficiency 
3.2.1 Are the Rides Running at Less than Maximum Capacity? 
 This question had to be answered to determine the potential for improvement in 
ride capacity on each of the four rides.  In addition to answering this question, we also 
needed to determine how far below maximum capacity the four rides under study were 
running.  In order to do this, we used archival research as well as direct observation.  First 
we analyzed the ride data in the packet provided to us by the park.  The template used to 
analyze this data can be seen in Table 3.1. 
 
Table 3.1 Analysis of Ride Data Packet 
# of 
Units 
Capacity 
per Unit 
Total 
Ride 
Capacity 
Runs 
per 
Hour 
Observed 
Visitors 
per Hour 
Max. 
Visitors 
per 
Hour 
Visitors per 
Hour Below 
Capacity 
Ride 
given given 
(# of 
units) X 
(capacity 
per unit) 
given given 
(total ride 
capacity) 
X (runs 
per hour) 
(max. visitors 
per hour) – 
(observed 
visitors per hour) 
Pacuare        
Reventazón        
Carros 
Antiguos        
  Go Karts        
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In addition to analyzing the information provided by the park, we made our own 
observations of the rides in order to verify the accuracy of the information packet.  Our 
direct observation was done by making notes of the capacity of ten trips of each ride.  We 
observed this information for each ride on three different weekends in order to gain a 
broader average to compare to the data that Parque de Diversiones had given us.  Table 
3.2 shows the template on which we made our observations.  
 
Table 3.2 Observations of Ride Capacity 
Ride:  Date: mm-dd-yy  
Run #of Units Capacity per Unit # of Passengers Difference 
1     
2     
3     
4     
5     
6     
7     
8     
9     
10     
Average:     
 
3.2.2 Why Do the Rides Run at Less than Maximum Capacity? 
Once we determined that a ride was running at less than capacity, the next step 
was to figure out the causes.  To determine why the ride was running below capacity, we 
used a combination of archival research and personal interviews.  Each of these methods 
was used to gain insight into the details of the employee training process to see how / if it 
emphasizes the importance of sending out full capacity rides in a systematic and timely 
manner.  In addition, opportunities for changes which would aid the employees in filling 
the rides to capacity were sought after throughout the use of each of these methods.  
The archival research was done by studying the ride operation information packet 
given to employees.  This packet contains information regarding loading, unloading, and 
the operating of the ride itself.  As we studied this packet, we noted any instruction 
related to the capacity of each of the four rides.   
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A personal interview was used to gain insight into what Siony Moya, Ride 
Manager, believed what employee responsibilities were.  A copy of the interview 
questions asked can be found in Appendix B2 in both English and Spanish.  Following 
our interview with Siony Moya, we created an employee interview which can also be 
found in Appendix B3 in both English and Spanish.  This interview was given to fifteen 
employees who work at the four rides under study.  The purpose of this interview was to 
gain insight into training the employees received as well as what they believed their 
responsibilities were while working at the rides.  For the topic of capacity, we wanted to 
know how important they believe filling the ride to capacity is and what, if anything, they 
do to help reach capacity. 
 The combination of the methods of archival research, direct observations, and 
personal interviews helped us better understand what training the employees receive for 
working at the rides.  With this understanding we were able to determine where the 
employee training is lacking and where changes would be beneficial. 
3.2.3 At What Rate is Rider Throughput? 
 This question had to be answered to determine where improvements could be 
made to increase rider throughput and how significant the differences made by these 
improvements could be.  In order to do this, we first broke the ride process into four 
sections: loading, the ride itself, unloading, and the time period between unloading and 
loading.  This is because changes can be made to some sections of the ride process while 
other sections, such as the ride itself, cannot be changed.  By breaking the ride down in 
this manner we were able to tell how long each section of the ride process takes in 
addition to how long the entire ride process takes.  In addition to timing the ride process, 
any safety delays also needed to be timed because these safety delays limit the rate at 
which the ride can safely run.  Observations of the four sections of the ride were made for 
each of the four rides under study on each of four weekends using the template in Table 
3.3.  10 observations were made each day, resulting in 40 total observations. 
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Table 3.3 Ride Process Times 
Run Load Time 
Safety 
Delay 
Ride 
Time 
Unload 
Time 
Time between 
Unloading and 
Loading 
Total 
Time 
1       
2       
3       
4       
5       
6       
7       
8       
9       
10       
Avg:       
 
 Once all observations were completed for each of the four rides, the average time 
for each section of the ride process was calculated and documented using the template in 
Table 3.4.  These averages gave us a basis for comparison when determining what factors 
negatively impact the rider throughput.  
 
Table 3.4 Average Times 
Ride 
Average 
Load 
Time 
Average 
Ride 
Time 
Average 
Unload 
Time 
Average Time 
Between Loading 
and Unloading 
Average 
Total Time 
Pacuare      
Reventazón 
(Left)      
Reventazón 
(Right)      
Carros 
Antiguos      
Go Karts      
 
 In addition, tables were made to compare load and unload times for each ride, 
including the average ride time, excluding outliers, the difference between those times, 
and the standard deviation.  With that information, graphs were made comparing load 
time, ride time, and unload time of each ride, incorporating the range of data, ignoring 
outlying points.  These calculations, displayed graphically, were made to illustrate the 
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amount of time taken for the various steps of the ride processes.  A template of the table 
used is shown below in Table 3.5.  Our recommendations to improve the rider throughput 
will be discussed in the Conclusion chapter. 
Table 3.5 Load / Unload Comparison for Rides 
 Load (s) Unload (s) 
Average Time   
Average excluding Outliers   
Difference   
Standard Deviation   
 
 It was important for us to calculate the current rider throughput for each of the 
rides under study.  In order to attain this information, we took the time in one hour and 
divided that by average times excluding outliers between each trip. 
 
=
each tripbetween  Seconds
hourper  Seconds  Number of trips per hour 
Equation 3.1 Number of Trips per Hour 
 
Multiplying this number by the average capacity we found over the course of forty 
observations, we determined the throughput for each ride.  
 
=)/)(/( tripridershrtrips  Number riders per hour 
Equation 3.2 Number of Riders per Hour 
 
The current rider throughput, the throughput when outliers are excluded, and that number 
minus 1 standard deviation are shown in Table 3.6.  The average -1 standard deviation 
represents a realistic goal for the ride in the future. 
 
Table 3.6 Potential Times 
Times Current Average excluding Outliers 
Potential: Average -1 
Standard Deviation 
Load Time (s)    
Safety Delay (s)    
Ride Time (s)    
Unload Time (s)    
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 Equations 3.3 and 3.4 show the work done in order to quantify the number of 
riders per hour that could be moving through each ride.  These equations were done for 
each ride and the numbers can be found in the Results chapter.  
 
=
each tripbetween  seconds Potential
hourper  Seconds  Potential number of trips per hour 
Equation 3.3 Potential Number of Trips per Hour 
    
=)/)(/( tripridershrtrips  Potential number of riders per hour 
Equation 3.4 Potential Number of Riders per Hour 
 
 In order to understand the percentage increased from the original number of 
riders, we divided the additional riders per hour by the original number of riders per hour.  
This is shown in Equation 3.5: 
 
%100
numbercurrent  average
)numbercurrent  average(number) potential(
=
- x  Increase in rider throughput 
Equation 3.5 Percent Increase in Rider Throughput 
  
3.2.4 What Factors Are Negatively Impacting the Rider Throughput? 
 Once it was determined that a ride was running below the maximum rate of rider 
throughput, we needed to determine why.  By observing the ride process for the four 
rides under study (40 times) we decided there were three main categories, in which all 
factors that negatively impact the rider throughput fall.  The first general impediment 
concerns employees.  Two more specific categories emerged as we collected data: 
Employee directions to riders, and employee performance.  The second general type of 
impediment was ride related factors.  Several more detailed categories emerged as we 
collected the data, such as mechanical problems, equipment shortages, and any delays 
due to safety precautions.  The third and final area of the ride we looked at was the riders 
themselves.  Categories that emerged included the size of the group of riders, rider 
agility, and riders not following instructions. 
These nine categories became the basis of our observation form used at each of 
the 40 observations we made at each ride.  This helped us describe the impediments in 
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detail, and quantify how often they were occurring; direct observations were made to 
determine the specific factors negatively affecting the throughput.  These observations 
were made at various times during each of four weekends.  Information had to be 
gathered at various times throughout the day to accommodate for the fluctuations in the 
number of visitors and employees.  The template used to record observations of these 
factors can be seen in Table 3.7. 
  
Table 3.7 Factors Affecting Rider Throughput 
Problem 
Areas 
Observation Percent 
Occurrence 
Lack of 
Employee 
Direction 
  
  
  
Inefficient 
Employee 
Performance 
  
Mechanical 
Problems 
  
Equipment 
Shortages 
  
Safety Time 
Delays 
  
Group Size   
Rider 
Agility 
  
  Riders Not 
Following 
Directions   
  
3.2.5 How Feasible Are the Best Practices Described in the 
Background Chapter? 
 As seen in the Background chapter, there are many best practices used by other 
amusement parks (amongst other places) that may benefit Parque de Diversiones.  To 
determine the feasibility, we took into account any cost, cultural, and physical constraints 
to implement these practices at each ride.  The specific constraints were identified in part 
 32 
through our own observations of the ride and in part through personal communication 
with Braulio Petta, Park Manager.  We then used direct observation to evaluate the 
feasibility of each best practice based on these constraints as well as whether or not the 
best practice is already in use or simply isn’t applicable to the ride.  The template used to 
evaluate the feasibility of the best practices can be seen in Table 3.8. 
 
Table 3.8 Feasibility of Best Practices 
Ride: Already 
Exists 
Cost 
Constraint 
Visitor 
Behavior 
Physical 
Constraint 
Not 
Applicable 
Automated 
Payment 
Collection 
     
Mechanical 
Counters 
     
Sorting 
Visitors by 
Group Size 
     
Sorting 
Visitors by 
Payment Type 
     
Next Group 
Waiting Area 
     
Employee 
Training 
     
Even 
Distribution of 
Tasks 
     
Simultaneous 
Performance 
of Tasks 
     
 
 Evaluations of the park and rides were performed on-site, as were interviews.  
The following section discusses the methods, also performed on-site, to evaluate the 
safety of Parque de Diversiones, specifically using OSHA regulations.   
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3.3 Evacuation Planning 
3.3.1 Does Parque de Diversiones Meet OSHA Emergency 
Evacuation Standards?    
In order to evaluate whether or not Parque de Diversiones meets the basic OSHA 
emergency evacuation standards listed in the Background chapter, we used a combination 
of direct observation, personal interviews, and archival research.  This combination of 
methods helped us to make recommendations for emergency evacuation components 
such as exit routes, exit signs, and employee training. 
3.3.1.1 Are Emergency Plans Written, Available, and Include Procedures 
for Emergency Situations? 
Before arriving in Costa Rica we were informed that the park does not have an 
official emergency evacuation plan, so we needed to help them create one.  The first step 
we took in addressing this was to interview Cinthia Nevarro, Safety Manager.  The 
purpose of this interview was to learn what types of emergencies the plan needs to 
account for as well as any pieces of an emergency plan the park already has in place, such 
as a chain of command or assembly points.  A copy of the questions used for this 
interview can be found in Appendix B1. 
The next step we took was to analyze the information packet given to each 
employee upon beginning work at Parque de Diversiones.  Through analysis of this 
packet, we were able to determine which of the existing pieces of the emergency plan are 
written and available to all of the park’s employees.  Knowing which pieces are written 
and available helped us to make recommendations for how to improve the plan and its 
availability to the employees. 
3.3.1.2 What Are the Fastest Exit Routes From Each Ride Entrance and 
Exit? 
The next step we took in creating the evacuation plan was to figure out the 
shortest exit routes from each of the four rides. To do this we used a blueprint map of the 
park and the assembly points currently in use by the park. We then used a compass and 
the map key to measure the distance from each ride to each assembly point and from each 
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assembly point to each park exit. The template used to record this data can be seen in 
Table 3.9. 
 
Table 3.9 Exit Routes 
Ride Exit Assembly point Park Exit 
Pacuare Entrance   
Pacuare Main Exit   
Pacuare West Exit   
Pacuare East Exit   
Reventazón Entrance   
Reventazón Main Exits   
Reventazón East Exit   
Carros Antiguos Entrance   
Carros Antiguos Main Exit   
Carros Antiguos North Exit   
Carros Antiguos South Exit   
Go Karts Entrance   
Go Karts Main Exit   
Go Karts West Exit   
Go Karts East Exit   
 
3.3.1.3 Are Maps or Signs Distributed throughout the Park and Show the 
Emergency Escape Routes? 
 Once the exit routes were decided upon, we needed to evaluate the locations of 
exit route maps and signs from each the four rides, through each exit route, to the 
corresponding park exits.  To do this we needed to evaluate all existing maps and signs 
throughout each route as well as locations where maps or signs are needed.  
First, we used direct observation to determine where signs were already located 
and where else signs were needed.  To do this we followed the steps listed below for each 
ride entrance and exit, beginning at the ride entrances and exits: 
1. Check for an exit route map at the ride entrance/exit 
2. Check for an exit arrow sign at the ride entrance/exit 
3. Check for an exit arrow sign immediately outside the ride entrance/exit 
4. Check for exit arrow signs at each intersection throughout the exit route 
5. Check for assembly point sign at the corresponding assembly point 
6. Check for exit sign at the corresponding park exit 
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For each area checked, if the corresponding sign existed we checked that it was of 
appropriate size, color, and visibility.  If the corresponding map or sign did not exist or 
was not of appropriate size, color, and visibility, we recorded that area as being in need of 
a map or sign. 
Once it was determined that an area was in need of a map or sign, the specific 
location for the sign needed to be assessed.  To do this we observed and recorded 
locations within each area where the map or sign would stand out and be clearly visible. 
3.3.1.4 Are Employees Aware of the Evacuation Plan and Their Role in It? 
While the park does not have an official emergency evacuation plan, it does have 
several components of one.  To learn what employees already knew about these 
components, we attended an employee training session and interviewed 15 employees.  
The purpose of attending the training session was to observe what instructions the park 
gives its employees for handling an emergency situation.  While this gave us a good idea 
of the extent of the employees’ knowledge of the evacuation components, it is possible 
that not all employees received the same training and remember all the information they 
were taught.  For these reasons, we interviewed 15 employees to determine what training 
they actually received as well as what information they remember from this training.  A 
copy of these interview questions can be found in both English and Spanish in Appendix 
B3.  Through these interviews and our experience at employee training, we were able to 
determine content and effectiveness of the employee training.  
During an emergency, visitors at Parque de Diversiones will need direction on 
what to do and where to go.  These visitors cannot be expected to know the fastest exit 
route out of the park, the closest assembly point, or the closest exit.  While signs can be a 
very effective tool in aiding the average park visitor, commands from knowledgeable 
staff can only increase the efficiency of an evacuation. 
Employee training may be lacking in some areas, so we needed to know what the 
employees think they should do without direction from management.  We used 
interviews with the employees stationed at each of the four rides to help us gather this 
information.  The information gained from these interviews compared with what we 
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learned from attending employee training will help us find the gaps in employee training 
and make recommendations for how to improve it. 
3.3.1.5 Is Emergency Equipment Maintained, and Do Employees Know How 
to Access and Effectively Use it in the Case of an Emergency? 
 In order to determine whether or not Parque de Diversiones met this standard, we 
interviewed Cinthia Nevarro, Safety Manager, and 15 employees who work at the four 
rides.  In our interview with Cinthia Nevarro, we asked whether the fire extinguishers 
were maintained and whether or not the employees are trained to use them.  A copy of 
these questions can be found in Appendix B1.  After interviewing Cinthia Nevarro, we 
interviewed employees who work at the four rides under study to learn whether or not 
they know where the fire extinguishers are located and how to use them.  A copy of these 
questions can be found in both English and Spanish in Appendix B3.  In addition to these 
interviews, we also checked the pressure of fire extinguishers at each of the four rides.  
The information attained from these interviews and our direct observations will help us 
determine gaps in safety maintenance as well as employee training. 
3.4 Conclusion 
This chapter discussed research questions and data collection methods that were 
used to gain information regarding the issues of capacity and rider throughput as well as 
employee training and the parks preparedness for an emergency situation. Through the 
methods of archival research, direct observation, and personal interviews, the information 
necessary to answer our research questions was gathered. This information as well as the 
answers to our research questions are discussed in the Results and Analysis chapter. 
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4 Results and Analysis 
4.1 Introduction 
 In this chapter, we discuss the findings from our on-site research.  The chapter is 
separated into five claims that apply to ride efficiency, and these are followed by our 
findings regarding evacuation planning.  In the ride efficiency section, we summarize the 
findings of our observations in tables and charts.  Following the summary charts, we 
discuss the implications of the ride data.  Also, information gained from employee and 
management interviews are summarized; full interview questions can be found in 
Appendix B3 and notes on employee responses can be found in B4.  At the end of the 
chapter, we discuss claims and their implications for evacuation planning. 
4.2 Ride Efficiency 
4.2.1 Three Rides Run at Less Than Maximum Capacity 
 To determine if rides ran below maximum capacity, we used Table 3.2 from the 
methods chapter in order to collect ride capacity data.  Tables C1 – C4 in Appendix C 
show the data collected from 40 observations of each ride’s capacity collected over four 
different days.  Our direct observation indicated that Reventazón ran at maximum 
capacity, while Pacuare, Carros Antiguos, and Go Karts ran at less than maximum 
capacity. 
Pacuare ran, on average, one rider below maximum capacity, as seen in Table 4.1.  
This table is a summary of the observed data found in Appendix C.  Despite the four rider 
minimum per boat, the ride sometimes ran with as few as three riders per boat. 
 
Table 4.1 Pacuare Capacity Data 
Observation 
Date 
Average # of 
Boats 
Capacity 
per Boat 
Average # of 
Riders / Boat 
Average # of Riders 
Below Capacity 
6-3-07 6 6 4.9 1.1 
6-8-07 6 6 5.1 0.9 
6-15-07 5 6 5.0 1.0 
6-23-07 16 6 4.2 1.8 
Average 8.25 6 4.8 1.2 
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We observed that Reventazón ran at maximum capacity.  Table 4.2 has the 
average capacity information per trip based on 40 observations over four different days. 
 
Table 4.2 Reventazón Capacity Data 
Observation 
Date 
Average # of 
Boats 
Capacity 
per Boat 
Average # of 
Riders 
Average # of Riders 
Below Capacity 
6-3-07 7 2 2 0 
6-8-07 7 2 2 0 
6-15-07 7 2 2 0 
6-23-07 7 2 2 0 
Average 7 2 2 0 
 
Carros Antiguos ran at approximately one and a half riders below maximum 
capacity.  This ride runs in the capacity range of two to four riders per car, which can be 
seen in Table 4.3. 
 
Table 4.3 Carros Antiguos Capacity Data 
Observation 
Date 
Average # of 
Cars 
Capacity 
per Car 
Average # of 
Riders 
Average # of Riders 
Below Capacity 
6-3-07 5 4 2.6 1.4 
6-8-07 3 4 2.7 1.3 
6-15-07 4 4 2.5 1.5 
6-23-07 5 4 2.2 1.8 
Average 4.25 4 2.5 1.5 
 
 
We observed that Go Karts was, on average, running between one and two riders 
below maximum capacity.  Table 4.4 displays the average ride occupancy of ten 
observations on each of the four days data was collected. 
 
Table 4.4 Go Karts Capacity Data 
Observation 
Date 
Average # 
of Single 
Cars 
Average # 
of Double 
Cars 
Capacity 
per Run 
Average 
# of 
Riders 
Average # of 
Riders Below 
Capacity 
6-3-07 12 5 22 21.1 0.9 
6-8-07 11 3 17 15 2 
6-15-07 11.4 2 15.4 14.9 0.5 
6-23-07 10 3 16 15.4 0.6 
Average 11.1 3.75 17.6 16.6 1.0 
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4.2.2 Rides Run at Less Than Maximum Capacity for Various 
Reasons 
 After observing that three rides ran at less than maximum capacity, we needed to 
determine the causes.  Through our interviews with employees working at the four rides, 
we collected data on employee perspectives on their roles related to ride capacity.  The 
list of interview questions can be found in Appendix B3.  The fourth interview question 
specifically asked what actions, if any, that the employee took to achieve maximum 
capacity.  Responses varied, but all of the seven employees interviewed working at 
Pacuare or Carros Antiguos (where combining groups is most applicable) implied that, if 
it does not sacrifice customer satisfaction, they usually attempt to combine small groups 
of riders. 
Each ride was analyzed individually to determine what caused them to run below 
maximum capacity, and our observations showed that the reasons varied.  The reasons 
relative to each ride are presented and discussed separately in this section. 
 Pacuare ran at less than maximum capacity due to groups of visitors not wanting 
to be combined with other groups.  We determined this through personal communication 
with Braulio Petta and during employee interviews.  Sr. Petta informed us that groups are 
typically unwilling to ride in a boat with another group they are unfamiliar with, although 
it would be an effective way to maximize ride capacity.   During the interviews, it was 
repeatedly stated that despite the desires of employees to fill the boats to capacity, doing 
so would sacrifice visitor satisfaction.   
 In general, we found that employees had three priorities while working:  1. Visitor 
safety 2. Visitor satisfaction, and 3. Maximizing capacity.  These interviews indicated 
that while achieving maximum capacity is a goal, it is ignored if it causes rider 
dissatisfaction.  This was especially apparent when the seven employees interviewed at 
Pacuare and Carros Antiguos mentioned that they attempt to combine groups of visitors; 
one employee acknowledged that groups are commonly families and do not want to be 
combined with another group. 
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 Carros Antiguos ran at less than maximum capacity for the same reason as 
Pacuare, which is that riders dislike being grouped with other riders.  Each group of 
riders gets into line knowing that there must be a driver for the group.  Knowing this, 
they will have designated a driver and would not be pleased if their driver is not able to 
drive due to an employee combining groups to fill the car to capacity.  
Go Karts ran at less than maximum capacity for more than one reason.  We 
observed that not all doubles cars were utilized for each run; there were an insufficient 
number of double riders to fill the cars.  This caused the ride to run below maximum 
capacity, and would not be a problem were single riders allowed to drive in double cars.  
However, park rules state that single riders may only drive single cars.  Unless this rule is 
altered, this problem will continue to negatively affect the capacity. 
4.2.3 Rider Throughput Is Below Maximum Potential for the Rides 
 Timing the various parts of the ride process allowed us to analyze what the result 
of improving efficiency in these times would be.  This section’s ultimate goal was to 
calculate a target percent increase in the number of riders per hour for each ride.  In Table 
4.5, the average times (in seconds) of the different steps of the ride process are given.  In 
addition, the average amount of time for the entire process to be completed was 
calculated.  As is mentioned in the background, the delay time between unloading and 
loading is a result of a cleared unloading area ready for the employee at the loading area 
to send the next group.  This between time is only applicable for Reventazón. 
 
Table 4.5 Average Time for each Ride Segment 
            Time 
 Ride 
Average 
Load 
Time (s) 
Average 
Ride 
Time (s) 
Average 
Unload 
Time (s) 
Average Delay Time 
Between Unloading 
and Loading (s) 
Average 
Total 
Time (s) 
Pacuare 29.8 286.8 40.0 N/A 356.6 
Reventazón 
(Left) 33.6 19.0 13.6 13.0 79.2 
Reventazón 
(Right) 40.0 20.7 18.5 11.6 90.8 
Carros 
Antiguos 23.3 218.1 10.4 N/A 251.7 
Go Karts 104.8 188.8 61.1 N/A 354.7 
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 We also determined the average time to complete the ride process when problems 
do not occur.  This was done by omitting the outliers recorded from all of our 
observations for each part of the ride.  Figure 4.1 shows an example of the frequency 
histogram for the Pacuare unload times.  The outliers are identified as 2 standard 
deviations beyond the average.  These outliers are all a result of extraneous 
circumstances.  Additional frequency histograms for each of the steps of the ride process 
can be found in Appendix D. 
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Figure 4.1 Pacuare Unloading Frequency Histogram 
 
Table 4.6 summarizes the total time (in seconds) for each ride using the average 
times for each of these parts with the outliers excluded.  A comparison of these two tables 
shows the affect that the extraneous circumstances can have on the different parts of the 
ride process.   
 
Table 4.6 Average Ride Times Excluding Outliers 
          Time 
 Ride 
Load 
Time (s) 
Ride 
Time (s) 
Unload 
Time (s) 
Delay Time Between 
Loading and 
Unloading (s) 
Total 
Time (s) 
Pacuare 28.2  282.7 34 N/A 345.0 
Reventazón 
(Left) 30.8 19.0 12.3 10.1 72.2 
Reventazón 
(Right) 40.0 20.7 14.6 9.1 84.4 
Carros 
Antiguos 19.8 214.2 10.2 N/A 244.1 
Go Karts 96.6 185.2 52.4 N/A 334.2 
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 The following tables, Tables 4.7 – 4.11, compare the actual average times to the 
times that exclude the outliers.  This enabled us to understand what rate could be 
expected without the extraneous circumstances that were the results of problems during 
the ride process.  The tables also consist of the difference between the two times, and the 
standard deviation.  The charts that accompany them, Figures 4.2-4.6 show the periods of 
time that each part of the process takes.  
 The load and unload times are the only segments that can be improved upon for 
Pacuare.  The average load time, which is shown in Table 4.7, was 28.2 seconds with a 
standard deviation of 5.7 seconds.  The average unload time was 34.0 seconds. 
 
Table 4.7 Load / Unload Comparison for Pacuare 
 Load Unload 
Average Time (seconds) 29.8 40.0 
Average excluding Outliers (s) 28.2 34.0 
Difference (s) 1.6 6.0 
Standard Deviation (s) 5.7 13.6 
 
Figure 4.2 shows the different parts of the ride.  The loading and unloading 
process is a small part of this fairly long ride.  The error bars in this figure show ± 1 
standard deviation for the ride process of Pacuare. 
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Figure 4.2 Pacuare Ride Process Current Times Excluding Outliers 
 
 Pacuare has a safety time delay that means the boat cannot leave until the boat 
ahead of it has exited the slide area.  The rider throughput for this ride is based solely on 
the safety time delay because the park now contains an ample amount of boats.  If there is 
a shortage of boats, the ride time as well as the unload time also become factors.  The 
average safety delay time we observed was approximately 42.49 seconds.  The Equation 
4.1 shows the maximum number of achievable trips per hour given the necessary safety 
time delay: 
7.84
49.42
3600
=
s
s  Boats per hour 
Equation 4.1 Number of Trips per Hour for Pacuare 
 
Multiplying this number by the average capacity we found over the course of forty 
observations, we determined that the throughput of Pacuare was 406.6 riders per hour:  
 
6.406)/8.4)(7.84( =boatridersboats  
Equation 4.2 Number of Riders per Hour for Pacuare 
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The current average ride times, the current average when outliers are excluded, and a 
target time are shown in Table 4.8.  The target time is defined as the average excluding 
outliers with one standard deviation subtracted from it.  This represents a realistic goal 
for the ride times in the future.  The target rider throughput will be determined from these 
numbers later. 
 
Table 4.8 Pacuare Target ride Times 
Times Current Average excluding Outliers 
Target: Average -1 
Standard Deviation 
Load Time (s) 29.8 28.2 22.5 
Safety Delay (s) 42.9 42.5 36.2 
Ride Time (s) 286.8 282.7 268.6 
Unload Time (s) 40.0 34.0 20.4 
  
Equations 4.3 and 4.4 show the work done in order to quantify the number of 
riders per hour that could be moving through Pacuare. 
 
5.99
19.36
3600
=
s
s  Boats per hour 
Equation 4.3 Target Number of Trips per Hour for Pacuare 
  
5.477)/8.4)(5.99( =boatridersboats  Riders per hour 
Equation 4.4 Target Number of Riders per Hour for Pacuare 
 
 In order to understand the percentage increased from the original number of 
riders, we divided the additional riders per hour by the original number of riders per hour.  
This is shown in Equation 4.5: 
 
%4.17100
6.406
6.4065.477
=´
-
 
Equation 4.5 Percent Increase in Pacuare Throughput 
 
The times for the left and right slides for Reventazón are show in Tables 4.9 and 
4.10, respectively.  The load times, unload times, and between times are shown because 
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they are controlled by employees.  These are the times that can be improved upon by 
skilled personnel and a more systematic approach to the Reventazón ride process. 
 
Table 4.9 Load / Unload Comparison for Reventazón (Left) 
 
Reventazón’s left slide has four major parts to its ride process.  As one can note 
from Figure 4.3, the loading time is by far the longest part of the process and would most 
likely be the one that could be most improved.  Since it is directly linked to the unload 
time due to the safety factor, one can understand how each of the steps of the process are 
pivotal. 
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Figure 4.3 Reventazón Ride Process Current Times for the Left Slide Excluding Outliers 
 Load Unload Between Unload/Load 
Average Time (s) 33.6 13.5 13.0 
Average excluding Outliers (s) 30.8 12.3 10.1 
Difference (s) 2.8 1.2 2.9 
Standard Deviation (s) 15.1 7.1 5.1 
 46 
 
 
 
 
 
 
Table 4.10 Load / Unload Comparison for Reventazón (Right) 
 Load Unload Between Unload/Load 
Average Time (s) 40.0 18.5 11.6 
Average excluding Outliers (s) 40.0 14 9.1 
Difference (s) 28 8.2 2.5 
Standard Deviation (s) 13.1 17.8 5.4 
 
Reventazón’s left slide is very similar in process to the right side, which can be 
seen in Figure 4.4. 
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Figure 4.4 Reventazón Ride Process Current Times for the Right Slide Excluding Outliers 
 
Reventazón has a safety time delay that involves the time of the ride and the time 
to unload.  We made 40 observations for these and found the averages.  In addition, there 
is a time between the safety delay and when the button is pushed for the next boat to 
leave.  We made observations of all of these for both the left and right slides.  Equation 
4.6 shows the number of boats per hour that were leaving for Reventazón during our 
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observations.  The left and right fractions represent the left and right waterslides, 
respectively. 
 
96.167
)14.959.1468.20(
3600
)14.1026.1203.19(
3600
=
++
+
++ sss
s
sss
s  Boats per hour 
Equation 4.6 Number of Trips per Hour for Reventazón 
 
Multiplying this number by the average capacity we found over the course of forty 
observations, we determined that the throughput of Reventazón was 335.9 riders per 
hour:  
9.335)/2)(96.167( =boatridersboats  
Equation 4.7 Number of Riders per Hour for Reventazón 
 
Reventazón’s left and right waterslides are shown in Tables 4.11 and 4.12, 
respectively. 
 
Table 4.11 Reventazón Left Waterslide Target Times 
Times Current Average excluding Outliers 
Target: Average -1 
Standard Deviation 
Load Time (s) 33.6 30.8 22.0 
Ride Time (s) 19.0 19.0 17.7 
Unload Time (s) 13.6 12.3 8.2 
Between (s) 13.0 10.1 5.1 
 
Table 4.12 Reventazón Right Waterslide Target Times 
Times Current Average excluding Outliers 
Target: Average -1 
Standard Deviation 
Load Time (s) 40.0 40.0 27.0 
Ride Time (s) 20.7 20.7 19.7 
Unload Time (s) 18.5 14.6 10.1 
Between (s) 11.6 9.1 3.7 
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 Equations 4.8 and 4.9 describe the process by which we determined a goal for 
Reventazón’s riders per hour in the future.  Note that load time is not part of the equation 
because loading is done during the period of time taken by the other three parts of the 
ride process. 
 
96.223
)70.308.1065.19(
3600
)07.516.873.17(
3600
=
++
+
++ sss
s
sss
s  Boats per hour 
Equation 4.8 Target Number of Trips per Hour for Reventazón 
 
9.447)/2)(96.223( =boatridersboats  Riders per hour 
Equation 4.9 Target Number of Riders per Hour for Reventazón 
  
 Finally, dividing the additional riders per hour by the original number of riders 
per hour, we can determine the possible realistic percent increase.  This is shown in 
Equation 4.10: 
%3.33100
9.335
9.3359.447
=´
-
 
Equation 4.10 Percent Increase in Reventazón Throughput 
 
Carros Antiguos has an average load time of 23.3 seconds and unload time of 10.4 
seconds.  The standard deviation of the loading and unloading times shown in Table 4.13 
are relatively small.   
 
Table 4.13 Load / Unload Comparison for Carros Antiguos 
 Load Unload 
Average Time (s) 23.3 10.4 
Average excluding Outliers (s) 19.8 10.2 
Difference (s) 3.5 0.2 
Standard Deviation (s) 6.0 3.1 
 
 Carros Antiguos has a very short loading and unloading time relative to the length 
of time that the average ride takes.  Figure 4.5 shows that the standard deviation for the 
ride process has a great amount of error that more than encompasses the load and unload 
times combined. 
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Figure 4.5 Carros Antiguos Ride Process Current Times Excluding Outliers 
 
We observed that Carros Antiguos had a total of three to five cars operating.  To 
determine rider throughput, the safety time delay is the only time required.  The observed 
car can leave when the car in front of it reaches the bridge, and we found this time to be 
about 78.6 seconds on average.  This is more than one fourth of the average time for the 
ride, and as a result, we can divide the time in an hour by the safety time delay to find the 
number of cars per hour.  We did so in Equation 4.11: 
 
8.45
63.78
3600
=
s
s  Cars per hour 
Equation 4.11 Number of Trips per Hour for Carros Antiguos 
  
Multiplying this number by the average capacity for Carros Antiguos we found over the 
course of forty observations, we determined that the throughput was 114.5 riders per 
hour:  
5.114)/5.2)(8.45( =carriderscars  
Equation 4.12 Number of Riders per Hour for Carros Antiguos 
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Table 4.14 shows the target times that the park could realistically hope to see in 
the future at Carros Antiguos. 
 
Table 4.14 Carros Antiguos Target Times 
Times Current Average excluding Outliers 
Target: Average -1 
Standard Deviation 
Load Time (s) 23.7 19.8 13.8 
Safety Delay (s) 78.6 78.6 52.6 
Ride Time (s) 218.1 214.2 164.4 
Unload Time (s) 10.4 10.2 7.1 
 
5.68
58.52
3600
=
s
s  Cars per hour 
Equation 4.13 Target Number of Trips per Hour for Carros Antiguos 
  
2.171)/5.2)(5.68( =carriderscars  Riders per hour 
Equation 4.14 Target Number of Riders per Hour for Carros Antiguos 
  
In order to anticipate the percentage increased from the original number of riders, 
we divided the additional riders per hour by the original number of riders per hour.  This 
is shown in Equation 4.15: 
%5.49100
5.114
5.1142.171
=´
-
 
Equation 4.15 Percent Increase in Carros Antiguos Throughput 
 
Go Karts has a very lengthy loading time on average.  The load and unloading 
times for the ride are shown in Table 4.15. 
 
Table 4.15 Load / Unload Comparison for Go Karts 
 Load Unload 
Average Time (s) 104.8 61.1 
Average excluding Outliers (s) 96.6 52.4 
Difference (s) 8.2 8.7 
Standard Deviation (s) 18.6 14.1 
 
 Figure 4.6 illustrates the fact that the load and unload times for this ride combine 
to about half of the time of the ride process.  This shows that improving the times for 
both of these steps should increase rider throughput. 
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Figure 4.6 Go Karts Ride Process Current Times Excluding Outliers 
  
The ride throughput for Go Karts can be found by dividing the time in an hour by 
the summation of the three different parts of the ride process.  This information is shown 
in Equation 4.16: 
8.10
52.43s)  185.16s  96.63s(
3600
=
++
s  Trips per hour 
Equation 4.16 Number of Trips per Hour for Go Karts 
  
Multiplying this number by the average capacity of Go Karts we found over the course of 
forty observations, we determined that the throughput of was 179.3 riders per hour: 
 
3.179)/6.16)(8.10( =tripriderstrips  
Equation 4.17 Number of Riders per Hour for Go Karts 
 
Addressing the problems on Go Karts could lead to the target times that are noted 
in Table 4.16. 
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Table 4.16 Go Karts Target Times 
Times Current Average excluding Outliers 
Target: Average -1 
Standard Deviation 
Load Time (s) 104.8 96.6 78.0 
Ride Time (s) 188.8 185.2 168.6 
Unload Time (s) 61.1 52.4 38.4 
 
 Equations 4.18 and 4.19 describe the process by which we determined a goal for 
Reventazón’s riders per hour in the future. 
 
6.12
)36.3854.16805.78(
3600
=
++ sss
s  Trips per hour 
Equation 4.18 Target Number of Trips per Hour for Go Karts 
  
7.209)/6.16)(6.12( =tripriderstrips  Riders per hour 
Equation 4.19 Target Number of Riders per Hour for Go Karts 
 
 Finally, dividing the additional riders per hour by the original number of riders 
per hour, we can determine the possible realistic percent increase for Go Karts.  This is 
shown in Equation 4.20:  
%0.17100
3.179
3.1797.209
=´
-
 
Equation 4.20 Percent Increase in Go Karts Throughput 
 
 Table 4.17 has been created in order to summarize the calculations and results 
from this section.  The number of current riders for each ride is based on the calculations 
from the average of times excluding outliers. 
Table 4.17 Target Rider Increase for All Four Rides 
 Current Riders Target Riders Percent Increase 
Pacuare 406.6 477.5 17.4 
Reventazón 335.9 447.9 33.3 
Carros Antiguos 114.5 171.2 49.5 
Go Karts 179.3 209.7 17.0 
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4.2.4 There Are Several Factors Negatively Impacting Rider 
Throughput 
The impediments to rider throughput varied for each of the four rides under study.  
Using Table 3.7 from the Methods chapter to record our observations, we noted factors 
that impeded rider throughput, which ranged from a lack of employee direction to safety 
time delays.  Some issues, such as employee performance, tended to affect the efficiency 
of all four rides.  In what follows we discuss our findings on impediments to throughput 
for each of these rides. 
 A number of factors were negatively impacting the rider throughput for Pacuare. 
These factors are displayed in Table 4.18.  Near the beginning of the line, we noticed 
smaller parties were grouped together by an employee to fill the boats to capacity; these 
groups often disbanded on their own long before loading the ride and the ride was not 
filled to maximum capacity as a result.  The next category was mechanical problems; we 
observed that during the unloading process, boats frequently did not catch on the 
conveyor belt.  These situations also affected employee performance, as the employee 
either waited for the next boat to bump the first one onto the belt, or walked down to pull 
the boat onto the belt.  When the boats bumped into each other, this problem would often 
repeat itself for subsequent boat.  Employees helping the boat up onto the conveyor belt 
took less time, and therefore it had less of a negative impact on the rider throughput.  
Equipment shortages were another problem affecting rider throughput.  At the time of our 
observations, there were only six boats total, placing a limitation on the rider throughput.  
For the following category, safety time delays, we noted that once a boat left the loading 
area, there was delay before the next boat could depart.  This is unavoidable and therefore 
cannot be improved upon in any way.  Finally, at the loading / unloading station, it was 
apparent that rider age and weight affected the ease with which the boats are loaded and 
therefore the time spent loading the boat.  The percent occurrence of each of these 
problems is also listed in Table 4.18, and this demonstrates the problems that frequently 
arose during our observations. 
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Table 4.18 Pacuare Ride Impediments to Throughput 
Problem 
Areas 
Observation Percent 
Occurrence 
Lack of 
Employee 
Direction 
None N/A 
Grouping of riders is done too early in line 100 Inefficient 
Employee 
Performance 
Instead of helping stuck boats, employee waits for 
the next boat to hit it, causing that boat to lose 
momentum and stop 
40 
Mechanical 
Problems 
Boats get stuck and do not catch onto conveyor belts 
 
56.7 
Equipment 
Shortages 
Shortage of boats 
 
100 
Safety Time 
Delays 
Next boat cannot leave until the previous boat passes 
the bridge at the bottom of the slide 
100 
Group Size None N/A 
Rider Age Young children have a difficult time getting into the 
boats and often need to be helped 
66.7 
Rider Weight Above average sized adults have a more difficult 
time getting into the boats 
10 
Riders Not 
Following 
Directions 
None N/A 
 
Table 4.19 lists the ride efficiency observations for Reventazón, which was highly 
dependent on employee performance.  A boat cannot be sent until the previous boat has 
been removed from the slide by an employee; the sooner the employee removes the boat, 
the sooner the next boat can be sent down.  In addition, it is also important that the 
loading employee places the boats at the top of the slide, loads them, and sends them 
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down the slide as soon as possible.  During our observations, the employee directed riders 
to load the boat but was unable to initiate the ride quickly due to the safety delay of 
waiting for the employee at the unloading station to remove the boat.  The other 
significant problem observed was boats often getting caught and stopping on the 
conveyor belt, slowing the entire ride process.  Were the boats placed properly on the 
conveyor belt, this problem would be eliminated.  This relates to the necessity of quality 
employee performance for Reventazón. 
 
Table 4.19 Reventazón Ride Impediments to Throughput 
Problem 
Areas 
Observation Percent 
Occurrence 
Lack of 
Employee 
Direction 
None N/A 
Distracted employees reduce the rider throughput 
 
33.3 Inefficient 
Employee 
Performance Improper placement of boats on the conveyor belt 
causes boats to get stuck 
90 
Mechanical 
Problems 
Boats sometimes get stuck in the conveyor belt 10 
Equipment 
Shortages 
None N/A 
Safety Time 
Delays 
The next boat cannot leave until the previous boat is 
removed from the slide 
100 
Group Size None N/A 
Rider Age None N/A 
Rider 
Weight 
None N/A 
Riders Not 
Following 
Directions 
None N/A 
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 There were several unavoidable factors slowing the rider throughput on Carros 
Antiguos.  As seen in Table 4.20, there was a problem with cars frequently derailing and 
also a safety delay that causes lengthy loading times.  The derailing problem was often 
addressed by all employees at the ride.  This was highly inefficient because no more than 
one or two operators are necessary to right a derailed car.  Ultimately, the largest issue 
was the systematic, staggered unloading and loading process in which employees drove 
from the unloading to the loading area, causing additional downtime during the process. 
 
Table 4.20 Carros Antiguos Ride Impediments to Throughput 
Problem 
Areas 
Observation Percent 
Occurrence 
Lack of 
Employee 
Direction 
Visitors misunderstand height requirements, causing 
delays 
3.3 
Unnecessary number of employees abandon their 
stations to attend to derailed cars 
16.7 Inefficient 
Employee 
Performance Unnecessary moving of cars by employees 100 
Mechanical 
Problems 
Cars derail 16.7 
Equipment 
Shortages 
Not enough cars 
 
100 
Safety Time 
Delays 
The next car cannot leave until the previous car is on 
the bridge 
100 
Group Size Groups of two cannot be combined to make a group of 
four 
100 
Rider 
Agility 
Younger riders sometimes get upset because they are 
too small to drive 
3.3 
Riders Not 
Following 
Directions 
Some riders change drivers during the ride to let their 
small child drive; when caught by an employee, they 
are directed to stop the car and return to their original 
seats 
6.7 
 
 57 
The loading of Go Karts is the most unorganized of the four rides under study.  
As a result, employees need to give exceptional directions and work efficiently to 
maximize the number of riders per hour.  As shown in Table 4.21, rider age was a 
significant factor in reference to one’s ability to quickly choose a car and fasten the safety 
belt.  The employees could most effectively use their time to help the individuals most 
likely to have issues with the loading process.  In addition, there was space for the next 
group of riders to wait; this area is not always utilized effectively. 
 
Table 4.21 Go Karts Ride Impediments to Throughput 
Problem 
Areas 
Observation Percent 
Occurrence 
Lack of 
Employee 
Direction 
Lack of direction from employees causes friction and / 
or conflict during loading 
100 
Employees do not always tend to small children first, 
but they tend to need the most help 
100 
Not all double cars are utilized for each run  10 
Inefficient 
Employee 
Performance 
Employees are not utilizing the next group waiting 
area 
33.3 
Mechanical 
Problems 
None N/A 
Equipment 
Shortages 
None 
 
N/A 
Safety Time 
Delays 
None N/A 
Group Size None N/A 
Rider 
Agility 
None N/A 
Riders do not always stop when instructed to 30 Riders Not 
Following 
Directions 
Riders do not always stop in the parking spaces 50 
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4.2.5 Several Best Practices Could Be Applied to the Rides 
Based on our interviews with Braulio Petta and our observations, we considered 
the feasibility of the best practices outlined in the Background chapter.  We recorded, 
using Table 3.8, whether each best practice was currently in use or not, and, based on our 
earlier observations, we listed whether or not there were constraints for each practice and 
what these constraints were.   There are several different practices that are not feasible at 
any ride.  For example, automated payment collection, such as turnstiles, is prohibitively 
expensive and possibly too easy for visitors to jump over and avoid payment.  In 
addition, signs or employee directions concerning group size may not be effective given 
the group culture of Costa Rica, in which, according to Braulio Petta, visitors prefer to 
ride with friends and families.  We also observed these visitor preferences during 
observations.  Were the park to pursue these separate lines based on group size, 
employees would need to provide more direction or the park would need to install 
physical barriers to separate groups.  Installation of such equipment would be costly. 
Another costly best practice that was under consideration was providing 
additional employee training that would be concerned with improving efficiency.  This is 
constrained by cost because the park would need to pay employees during their training; 
in effect, pay employees for time in which they are not working.  This would require a 
cost benefit analysis to decide if the productivity increases enough as a result of 
additional training. 
As can be seen in Table 4.22, the best practices the park was already using 
include a next group waiting area as well as a simultaneous execution of the loading and 
unloading processes.  Unfortunately, the next group waiting area was seldom used during 
our observations.  Were one to ignore the cultural constraint on using a single rider line to 
try to supplement riders into larger groups, there is not enough space to create two lines 
going up the stairs to the loading area for Pacuare.  In Table 4.22, the shaded best 
practices are those that are relevant to the ride and have no constraints.  The shaded 
practices are Mechanical Counters, Next Group Waiting Area, and an Even Distribution 
of Tasks. 
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Table 4.22 Evaluation of Best Practices for Pacuare 
 Already 
Exists 
Cost 
Constraint 
Visitor 
Behavior 
Physical 
Constraint 
Applicability 
Automated 
Payment 
Collection 
No Turnstiles are 
expensive 
Visitors may 
jump 
turnstiles 
None Relevant 
Mechanical 
Counters 
No None None None Relevant 
Sorting 
Visitors by 
Group Size 
No None Visitors are 
unlikely to 
read signs 
Limited 
area for 
line 
Relevant 
Sorting 
Visitors by 
Payment 
Type 
No None Visitors are 
unlikely to 
read signs 
Limited 
area for 
line 
Relevant 
Next Group 
Waiting 
Area 
Yes, but 
not 
always 
utilized 
None None None Relevant 
Employee 
Training 
No Employees 
would need 
to be paid to 
attend 
None None Relevant 
Even 
Distribution 
of Tasks 
No None None None Relevant 
Simultaneous 
Performance 
of Tasks 
Yes, 
loading 
and 
unloading 
None None None Relevant 
  
Few best practices identified in the background chapter are applicable to 
Reventazón.  We observed that most visitors pair up before entering the line.  The 
employees perform a fairly simple and systematic execution of tasks, leaving little room 
for improvement for additional employee training and distribution of employee duties.  In 
Table 4.23, the shaded best practices are those that are applicable and have no 
constraints.  These include Mechanical Counters and an Even Distribution of Tasks. 
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Table 4.23 Evaluation of Best Practices for Reventazón 
 Already 
Exists 
Cost 
Constraint 
Visitor 
Behavior 
Physical 
Constraint 
Applicability 
Automated 
Payment 
Collection 
No Turnstiles 
are 
expensive 
Visitors may 
jump 
turnstiles 
None Relevant 
Mechanical 
Counters 
No None None None Relevant 
Sorting 
Visitors by 
Group Size 
No None Visitors are 
unlikely to 
read signs 
None Not Relevant 
Sorting 
Visitors by 
Payment 
Type 
No None Visitors are 
unlikely to 
read signs 
None Relevant 
Next Group 
Waiting Area 
No None None None Not Relevant 
Employee 
Training 
No None None None Not Relevant 
Even 
Distribution 
of Tasks 
Yes, 
already in 
use 
None None None Relevant 
Simultaneous 
Performance 
of Tasks 
No None None None Not Relevant 
  
 Carros Antiguos is another ride that has some issues with the implementation of 
several of the best practices.  The employees have a fairly even distribution of tasks and 
they perform these tasks, specifically the loading and unloading, simultaneously.  Table 
4.25 shows that sorting by group size and using a next group waiting area are not 
applicable to this ride.  The groups cannot be combined because at least one rider from 
every group desires to drive the car.  This fact leaves little room for the employees to 
enhance the movement of individual groups through the ride more quickly.  The best 
practices, which are shaded, are those that are applicable and have no constraints.  These 
include Mechanical Counters, Even Distribution of Tasks, and Simultaneous 
Performance of Tasks. 
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Table 4.24 Evaluation of Best Practices for Carros Antiguos 
 Already 
Exists 
Cost 
Constraint 
Visitor 
Behavior 
Physical 
Constraint 
Applicability 
Automated 
Payment 
Collection 
No Turnstiles 
are 
expensive 
Visitors may 
jump 
turnstiles 
None Relevant 
Mechanical 
Counters 
No None None None Relevant 
Sorting 
Visitors by 
Group Size 
No None Visitors are 
unlikely to 
read signs 
None Not Relevant 
Sorting 
Visitors by 
Payment 
Type 
No None Visitors are 
unlikely to 
read signs 
None Relevant 
Next Group 
Waiting Area 
No None None None Not Relevant 
Employee 
Training 
No Employees 
would need 
to be paid 
None None Relevant 
Even 
Distribution 
of Tasks 
Yes, 
already in 
use 
None None None Relevant 
Simultaneous 
Performance 
of Tasks 
Yes, but 
could be 
improved 
None None None Relevant 
 
The Go Karts ride at Parque de Diversiones had a good number of the best 
practices already in place, which is shown in Table 4.25.  A next group waiting area as 
well as singles and doubles lines exist, but were not always used by the employees at the 
ride.  In addition to this, there is a difficult loading process with this ride because of 
common problems when the riders finish the ride and park the cars in unsuitable places.  
The final issue at this ride is that the employees do not give adequate direction to riders.  
As with the previous charts, the shaded best practices are those with no constraints.  
These are Mechanical Counters, Next Group Waiting Area, Even Distribution of Tasks, 
and Simultaneous Performance of Tasks. 
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Table 4.25 Evaluation of Best Practices for Go Karts 
 Already 
Exists 
Cost 
Constraint 
Visitor 
Behavior 
Physical 
Constraint 
Applicability 
Automated 
Payment 
Collection 
No Turnstiles 
are 
expensive 
Visitors may 
jump 
turnstiles 
None Relevant 
Mechanical 
Counters 
No None None None Relevant 
Sorting 
Visitors by 
Group Size 
Yes, but 
not always 
used 
None Visitors are 
unlikely to 
read signs 
None Relevant 
Sorting 
Visitors by 
Payment 
Type 
No None Visitors are 
unlikely to 
read signs 
None Relevant 
Next Group 
Waiting Area 
Yes, but 
not always 
used 
None None None Relevant 
Employee 
Training 
No Employees 
would need 
to be paid to 
attend 
None None Relevant 
Even 
Distribution 
of Tasks 
Yes, 
already in 
use 
None None None Relevant 
Simultaneous 
Performance 
of Tasks 
Yes, 
already in 
use 
None None None Relevant 
 
 Our recommendations for Parque de Diversiones will be discussed in the 
Conclusion chapter.  These recommendations for improving ride efficiency are directly 
founded on the findings summarized within this section.  The following section discusses 
our findings regarding emergency evacuation planning for the four rides. 
4.3 Evacuation Planning 
 The park was evaluated, through direct observation and personal interviews, on its 
readiness for an emergency situation.  Using the four OSHA standards as guidelines, we 
were able to determine where the park is lacking and where it meets the standards.  Each 
OSHA requirement is systematically listed with our findings of whether or not Parque de 
Diversiones met the standard. 
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4.3.1 Parque de Diversiones Does Not Meet OSHA Emergency 
Evacuation Standards 
4.3.1.1 Emergency Plans Are Neither Written Nor Available. 
Through interviews with park managers, we found that the park does not have an 
available written emergency plan.  The OSHA standard clearly states that this is a basic 
safety requirement and is especially helpful in raising employee awareness.   The pivotal 
interview in which we learned the most about the park’s emergency preparedness was 
with Srta. Cinthia Nevarro, park safety manager.  The questions and notes about her 
responses during the interview can be found in Appendix B1. 
Because of the lack of a written plan, it could not be stated that the park met 
OSHA standards.  The implication of this is that to meet the international standards of the 
IAAPA, Parque de Diversiones needs to create a written emergency plan.  A written plan, 
when created, should include components of a plan that are already in place in the park.  
These components include assembly areas and a chain of command, which is described in 
Appendix A.  The following is a list of assembly areas currently used at the park: 
1. Grassy area in front of Pueblo Antiguo 
2. Inside the Ciudad Vial 
3. Parque Central 
4. Visitor Parking Lot 
5. Picnic area around the lake 
A map of the park highlighting these areas is included in Appendix D. 
Srta. Nevarro discussed the types of situations that are common to Costa Rica that 
would merit an emergency evacuation.  Natural phenomena, such as tornadoes and 
earthquakes, should be planned for.  Other situations that an emergency plan for the park 
should cover are fire, chemical (gasoline) release, and power outages. 
4.3.1.2 The Fastest Exit Routes Were Found For Each Ride 
Once we were able to obtain a map of the park, we were able to measure, using 
the distance scale, the lengths and widths of exit routes, and the distances from ride 
entrances and exits to the assembly areas and emergency escape routes. 
 64 
Table 4.26 lists the entrances and exits for each ride, the closest assembly area to 
that point, and the nearest park exit. 
 
Table 4.26 Exits and Assembly Points from Ride Entrances and Exits 
Ride Exit Assembly point Park Exit 
Pacuare Entrance Gazebo Area Service Exit 
Pacuare Main Exit Gazebo Area Service Exit 
Pacuare Service Entrance Gazebo Area Service Exit 
Pacuare East Exit Gazebo Area Service Exit 
Reventazón Entrance Gazebo Area Service Exit 
Reventazón Main Exits Gazebo Area Service Exit 
Reventazón East Exit Gazebo Area Service Exit 
Carros Antiguos Entrance Grass Outside Pueblo Antiguo Boletería 
Carros Antiguos Main Exit Grass Outside Pueblo Antiguo Boletería 
Carros Antiguos North Exit Grass Outside Pueblo Antiguo Boletería 
Carros Antiguos South Exit Grass Outside Pueblo Antiguo Boletería 
Go Karts Entrance Gazebo Area Service Exit 
Go Karts Main Exit Gazebo Area Service Exit 
Go Karts West Exit Grass Outside Pueblo Antiguo Boletería 
Go Karts East Exit Gazebo Area Service Exit 
 
 Maps of the exit routes can be found in Appendix F.   
 
4.3.1.3 Maps or Signs Are Not Distributed Strategically Throughout the 
Park and Do Not Show Emergency Escape Routes. 
Upon surveying the park, with a focus on the areas around the four rides under 
study, it became apparent that there was a lack of maps and exit signs.  The five park exit 
signs were either posted on the exit itself, posted among signs for attractions that were of 
similar size and color, did not stand out from their surroundings, were not permanent, or 
were painted on the wall of a building.  None of the signs were in compliance with the 
standards mandated by OSHA, which are listed in Appendix E and summarized in the 
following list: 
· Signs must be distinctive in color and stand out from their surroundings 
· Signs must have the word “Exit” or something similar in plainly legible 
letters not less than six inches high and ¾ of an inch wide 
Four out of five signs did not meet the letter height requirement; four out of five 
also failed to stand out from their surroundings.  Only one out of five was distinctive in 
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color.  Figures 4.7 – 4.12 are photographs taken of these signs, and an explanation of 
which standards they are in violation of. 
In Figure 4.7, the word “salida” (meaning exit) on the upper left side and is 
among signs for other attractions that are of similar size and color. 
 
Figure 4.7 Park Sign 1 
 
The sign in Figure 4.8 is similar to that in Figure 4.3.1, with the exception that 
“salida” is printed on a directional arrow of similar size and color to the other signs for 
attractions below it. 
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Figure 4.8 Park Sign 2 
 
The sign in Figure 4.9, intended to direct visitors to the park’s main exit, but does 
not stand out from its surroundings.  The text is also not in compliance with sign 
standards – it is not in legible letters of more than six inches in height. 
 
Figure 4.9 Park Sign 3 
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Figure 4.10 is a photograph of the sign for the park’s main exit.  The letters are 
painted greater than 6 inches high, but are not regular. 
 
Figure 4.10 Park Sign 4 
 
Figure 4.11 shows an emergency exit, which is also the employee entrance.   
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Figure 4.11 Emergency Exit / Employee Entrance 
 
Figure 4.12 is a photograph of the sign posted on the gates.  These signs do not stand out 
from their surroundings and do not have font larger than 6 inches. 
 
Figure 4.12 Park Sign 6 
 
There were no signs for emergency exit routes within the park.   
Our observations proved that not only did the park have an inadequate number of 
exit signs, but also the few signs within the park were not of proper size, color, or 
visibility. 
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4.3.1.4 Not All Employees Are Aware of an Evacuation Plan and Their 
Responsibilities. 
We interviewed 15 employees about their knowledge of nearest exits, exit routes, 
assembly areas, and employee responsibilities in emergency situations.  The list of 
interview questions can be found in Appendix B3; notes taken on employee responses 
can be found in Appendix B4.  Interviews took place on-site on two different days, and 
involved only those employees that worked at the four rides under study. 
These interviews showed that 9 out of 15 employees (60 percent) correctly knew 
where to evacuate visitors to during an emergency and the location of the nearest park 
exit.  Eleven out of the 15 employees (73 percent) knew to contact a supervisor, and that 
assisting visitors away from danger is their responsibility.  An employee was considered 
knowledgeable about their responsibilities during an emergency if visitor safety was the 
first priority, followed by notifying a supervisor or security.  An employee was 
considered knowledgeable about the nearest assembly area if they correctly identified the 
nearest assembly area to their work station. 
Figure 4.13 illustrates the data gathered from employee interviews about the level 
of employee knowledge of their responsibilities during an emergency situation.   
Employee Knowledge of Responsibility
73%
27%
Correct
Incorrect
 
Figure 4.13 Employee Knowledge of Responsibility 
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Figure 4.14 illustrates the employee responses when questioned about the assembly area 
for their work station. 
Employee Knowledge of Assembly Areas
60%
40%
Correct
Incorrect
 
Figure 4.14 Employee Knowledge of Assembly Areas 
 
 Because not all employees correctly knew about their responsibilities and the 
assembly areas, the park did not meet the third OSHA standard. 
4.3.1.5 Emergency Equipment, Such as Fire Extinguishers, Are Provided 
and Maintained.  Employees Know How to Use the Equipment in 
Case of an Emergency. 
Parque de Diversiones was found to be in compliance with this OSHA standard.  
Through the interview with Cinthia Nevarro, we were informed that the park has a fire 
extinguisher for every ride; these fire extinguishers were found, through direct 
observation, to be properly maintained.  We also learned from Srta. Nevarro that 
employees have received training from the Bomberos for proper use of a fire 
extinguisher.  Through an interview with Siony Moya, Ride Manager, we learned that the 
ride supervisors learn to use fire extinguisher as part of their training.  During interviews, 
employees were tested on their knowledge of the location of the fire extinguisher nearest 
to their work station; all 15 employees interviewed knew the correct answer. 
Because of this, the park was found to meet the OSHA standard for providing and 
maintaining adequate emergency equipment and educating employees on their use.  The 
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implication of meeting this standard is that the park is prepared for the most immediate 
threat:  fire.  
4.3.2 The Bomberos Have Helped the Park 
The interview with Srta. Nevarro informed us that the Bomberos have worked 
with Parque de Diversiones in the past.  This includes training with fire extinguishers.  
Also, we determined from speaking with Srta. Nevarro that the Bomberos use specific 
pathways within the park; we learned their preferred routes, and took them into 
consideration when making recommendations for routing pedestrians during an 
emergency. 
Receiving advice and aid from the Bomberos has a positive implication; the 
Bomberos have helped the park to be better prepared for an emergency.  Despite the 
inability to meet with the Bomberos for advice regarding the emergency evacuation plan, 
they remain an important resource for Parque de Diversiones to utilize when creating a 
plan. 
4.3.3 Employee Training Does Not Emphasize Emergency Situations  
The lack of employee awareness, which was determined when evaluating whether 
Parque de Diversiones met the third OSHA standard, is in part due to employee training.  
Personal interviews with 15 employees that operate the four rides under study shed light 
on the amount of knowledge employees have regarding emergency situations.  The 
questions asked during these interviews can be found in Appendix B3, and included 
questions about their training and emergency exit / route locations.  The responses from 
these interviews showed in what areas the employee training should strengthen or place 
more emphasis, and can be found in Appendix B4. 
Two project team members attended basic employee training and noted how 
emergency procedures were explained; there was adequate education about medical 
situations, but very little regarding non-medical emergency situations.  Assembly areas 
were discussed briefly during the training; there was no mention of emergency exits or 
routes.  The general training consisted of oral presentations.  During an interview with 
Siony Moya, we were able to examine the written information provided to new 
employees as a part of the training.  In the written training, we found a list of assembly 
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areas for fires and tornadoes, as well as instructions for medical and other emergencies 
that do not require evacuation.  Through further discussion with Sra. Moya, we found that 
there are two simulations of an emergency evacuation each year.  During these 
simulations, employees learn where to direct visitors. 
With regards to whether employees are given adequate training, we found that the 
park does not meet OSHA standards.  Employee interviews showed that emergency 
procedures and responsibilities were assumed by employees; though the majority of the 
assumptions were correct, they were not a result of employee training.  With the 
knowledge that information was not provided through general training, and finding 
through interviews that most employees reply with the correct responses, meant that most 
employees assume, correctly, about their responsibilities during an emergency. 
4.3.4 Not All Employees Assumed Correctly About Their 
Responsibilities in the Case of an Emergency 
Through interviews, the majority of employees were found to know about their 
responsibilities during an emergency situation.  This was determined by examining the 
responses, which showed that when questioned about their responsibilities, 11 of 15 (73 
percent) employee responses concerned visitor safety and the contacting of the 
supervisors.  (Notes during employee interviews are recorded in Appendix B4.) 
It has been determined from analysis of the employee responses to the interviews 
that not all employees are aware of the proper procedures for emergency situations.  Two 
out of the 15 employees believed that their primarily responsibility was addressing the 
emergency situation – for example, they responded that they should attempt to extinguish 
a fire.  Because their primary responsibility should be assisting visitors away from 
danger, they were found to answer incorrectly.  This is not in compliance with the OSHA 
standard that all employees must be aware of the evacuation plan and their role in it.  The 
implications are that employees are in need of more frequent training to ensure that all 
employees are trained for emergency situations. 
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4.4 Conclusion 
 We made 40 observations on four different days on the causes negatively 
affecting ride capacity and impeding efficiency to determine in which areas the four rides 
under study can improve.  Also, we determined ride capacity and timed the rides to 
calculate current rider throughput.  A target throughput was also calculated, giving 
Parque de Diversiones a target goal to work toward once they are able to implement 
certain best practices in the future.  Analysis of the feasibility of each of the best practices 
guided our recommendations to the park to increase rider throughput and maximize 
capacity, in turn generating more profits for the park.   
We also investigated Parque de Diversiones’ compliance with OSHA standards.  
Based on the information that was gained through direct observation and personal 
interviews, we determined that Parque de Diversiones does not meet OSHA regulations 
because it does not meet three out of four minimal criteria for emergency planning.  Our 
recommendations for improvements are discussed in the following chapter. 
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5 Conclusions and Recommendations 
5.1 Introduction 
This chapter presents our conclusions and recommendations based on the results 
and data analysis from chapter four.  The first section includes our recommendations for 
improving ride efficiency.  The recommendations for evacuation planning are discussed 
later in the chapter.  Finally, we will discuss the recommendations we have for future 
members of the Worcester Polytechnic Institute community working with Parque de 
Diversiones. 
5.2 Ride Efficiency 
5.2.1 Maximum Capacity 
 The rides that ran at less than their maximum capacity were Pacuare, Carros 
Antiguos, and Go Karts.  We found Pacuare to be running at an average of about five 
riders per trip, one below the maximum number of six.  We also discovered that an 
employee was attempting to assemble smaller groups in line to achieve maximum 
capacity for each boat.  Our observations showed that this employee’s efforts were 
frequently ignored and groups often disbanded in line before loading into the ride.  We 
also learned of the cultural constraint of groups not desiring to share their boat with other 
groups in order to run the ride with six riders. 
In order to achieve maximum capacity in a timely fashion for Pacuare, we have 
several recommendations to address the problems that we observed.  We recommend that  
the employee combining smaller groups be stationed later in the line, preferably after the 
ticketing process and before each group travels up the stairs to load into a boat.  This 
will solve the confusion that some groups have about what this employee is asking them 
to do.  In addition, the cultural constraint can be overlooked in some cases because 
groups of two or three riders may not ride alone because of the minimum number of four 
riders per boat.  These smaller groups of three or less have to join with other small groups 
in order to attain the minimum capacity, and we recommend taking this process one step 
further to make combinations in an effort achieve the maximum capacity on each trip. 
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Addressing maximum capacity on Carros Antiguos is a more difficult task for 
several reasons.  We observed that the current level of capacity on this ride is around two 
and a half riders per trip on average.  We noted cars leaving with the maximum number 
of riders infrequently.  The cultural constraint found with Pacuare also applies here; 
riders who do not know each other do not want to be grouped together.  This cannot be 
ignored for Carros Antiguos because each group passing through the line has someone 
that desires to be the driver.  Putting one group of two in the back seat of another group 
of two is perceived by riders to be unfair and would significantly decrease visitor 
satisfaction.  Given these cultural and customer satisfaction restraints, we recommend no 
changes to the current maximum capacity goals for Carros Antiguos. 
Our observations showed us that Go Karts frequently left with less than the 
maximum capacity.  This ride has no constraint concerning the grouping of riders.  We 
discovered that this ride ran between zero and two riders on average below the maximum 
capacity.  In addition, we observed a run with as many as seven riders below the 
maximum capacity.  The final observation was that doubles cars would go unused when 
there were no doubles riders in the line. 
When Go Karts ran below its maximum capacity, the most common cause was 
employees incorrectly counting riders waiting in line.  These problems became more 
prevalent when only two employees worked at the ride.  For this reason, we recommend 
having at least three employees running the ride to increase the average capacity.  This 
will allow two employees to manage the unloading process while the third counts the 
number of riders permitted to load.  In addition, we recommend allowing singles riders to 
ride in doubles cars if there are no double riders in the line. 
5.2.2 Rider Throughput 
 Using our observation data from the different steps of the ride time, we were able 
to determine present rider throughput and also potential throughput if the process 
operated at a more efficient rate (with the outliers excluded).  We were also able to 
determine the factors that impact the rider throughput on each of the four rides under 
study.  The following will describe our recommendations that should help the throughput 
level increase from its current rate. 
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The current average number of riders per hour for Pacuare was found to be 406.6 
riders per hour.  The target rider throughput was determined in the results section to be 
477.5 riders per hour, an increase of 17.4 percent.  The current rider throughput for 
Pacuare is slowed due to a problem with the riders grabbing onto objects on the side of 
the ride and also grabbing onto other boats.  Other factors involve mechanical problems 
with the boats not always catching on the conveyor belt to be transported to the unloading 
area and also an issue with rider agility during the loading and unloading processes.  In 
order to address the first problem we recommend that there be verbal instruction from 
employees at Pacuare to reiterate the rules on the signs that may not have been read by 
riders.  The rules that should be described include keeping arms and legs within the boat 
as well as no standing in the boat.  This should help deter riders from taking actions that 
add to the length of the ride time. 
We have several recommendations that will address the problems with Pacuare’s 
loading and unloading processes.  Rider agility plays a role in the loading process.  We 
observed that small children and senior citizens have difficulties climbing into the boats.  
Also, riders with an above average weight sometimes find it difficult to lift themselves 
into the boat on loading.  Putting a step for riders to use when they enter the boats should 
help the children, older visitors, and larger riders to enter the boats more smoothly.  We 
also recommend a change to the training for the employees that work the unloading area 
of Pacuare.  This change would involve employees leaving their station at the conveyor 
controls to help boats when they become stuck.  We also recommend the use of a hooked 
rod so that the employee can pull the boat up on the conveyor belt when this problem 
occurs. 
The current average throughput for Reventazón is 335.9 riders per hour, but the 
target throughput is 447.9 riders per hour, a 33.3 percent increase.  The unloading process 
of Reventazón is extremely important to its rider throughput.  There is a safety delay, 
which means that the boat at the top can be sent down the slide immediately following 
the removal of the boat from the unloading point at the bottom.  We observed varying 
times for this unloading process and specifically noted that there can be issues when 
employees working at the unloading point take too long to remove the rafts and place 
them on the conveyor belt.  We also observed that these times decreased when the 
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employees noticed that we were observing and timing the rides.  Finally, we made 
observations of improper placement of the boats and how this can lead to boats getting 
caught on the conveyor belt.   
Our recommendations for Reventazón apply to the unloading process.  In an ideal 
situation, the employee will immediately remove the raft and place it flat on the conveyor 
belt.  We recommend that training emphasize the importance of these two parts of the 
unloading process.  We also recommend increased supervision at this ride in order to 
encourage more efficient work from the employees at the unloading point. 
The current throughput average for Carros Antiguos was found to be 114.5 riders 
per hour.  There is a 49.5 percent increase in the target number of 171.2 riders per hour.  
We discovered several impediments to the rider throughput of Carros Antiguos.  The 
event of a car derailing and the subsequent reaction from the employees causes some 
major problems for the throughput of the ride.  The derailing most frequently takes place 
in one problematic turn on the track.  The result of the situations that we observed was 
the entire group of employees leaving their stations at the loading and unloading points 
and tending to the derailed car.  Another problem is the excessive movement of cars 
between the unloading and loading process.  Employees often move the cars more than 
once or a greater distance than the necessary length from the unloading area to the 
loading area 
In order to avoid the cars on Carros Antiguos from derailing, we recommend that 
the rail on the problematic turn be raised.  This should help keep the cars from derailing 
in the future.  We also recommend that the employees at this ride receive further training 
on what to do in the event of a derailing.  The cars should be righted easily by two or less 
employees, and making them well aware of this will leave one or two employees to 
continue with the loading and unloading processes. 
Finally, the current rider throughput for Go Karts is 179.3; the target rider 
throughput is 209.7 riders per hour, a 17 percent increase.  The Go Karts ride specifically 
had a next group waiting area for the riders to wait in before they load into the cars.  We 
observed that when the employees used this waiting area, they were able to properly 
count out the number of riders for the next trip instead of being short a number of riders.  
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We also noted that employees sometimes spend their time buckling seatbelts for older 
individuals when they could be using their time checking the belts for younger riders. 
Given these problems on the Go Karts ride, we have come up with several 
recommendations.  First, increased training and supervisor presence would encourage 
the use of the next group waiting area.  This would lead to a higher number of riders 
loading the ride more quickly.  We recommend that the increased training also include 
recognition training for what types of riders actually need help buckling their seatbelts.  
Encouraging this process should decrease the load time by giving attention to the riders 
that need assistance over more capable riders. 
5.2.3 Best Practices 
 There were many best practices presented in the Background chapter.  In our 
Results chapter, we analyzed the relevance of each best practice to the four rides under 
study.  There are some best practices relevant to all four rides and have no major 
constraints.  These include the use of mechanical counters as well as an even distribution 
of tasks among employees.  Mechanical counters are inexpensive and easy to use, and 
therefore we recommend that the park supply these to the employees for use during the 
ticketing process.  This will decrease the time taken for information to be written down 
on the clipboards.  We recommend an even distribution of tasks among the employees at 
each ride because it will ensure that certain employees are not idle while other employees 
have too great a number of tasks to complete quickly.  An even distribution of tasks at 
Pacuare is already present.  We recommend that Reventazón have four employees 
working at all times in order to have an employee tending to the top and bottom of each 
slide.  Carros Antiguos has an even distribution of tasks when there is enough employees 
to tend to the loading and unloading areas, the bridge, and the problem areas for drivers.  
This means having at least four employees so that one can be working at each of the 
areas of the ride.  Go Karts has an even distribution of tasks when there are two 
employees in the track area to watch for problems and two employees working near the 
loading area.  Specifically, one of these two employees needs to be working the next 
group waiting area and always have the next group prepared. 
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5.3 Emergency Evacuation Planning 
 In the following section we make recommendations for Parque de Diversiones to 
better prepare for common emergencies, with a focus on meeting OSHA standards and 
improving employee training.  The final section is a specific recommendation for 
Pacuare. 
5.3.1 Recommendations To Meet OSHA Standards 
 In order to meet OSHA standards, Parque de Diversiones needs to meet the four 
standards mentioned in Table 2.5.  In the Results chapter, we stated that only one of the 
four standards was met.  In this section we make recommendations that will allow the 
park to meet the other three standards. 
 The first OSHA standard states that emergency plans must be written and 
available.  Our results showed that the park does not have an available, written plan.  In 
order to address this problem, the park needs to formally develop a plan for all types of 
emergency situations common to the park and Costa Rica.  These situations include fire, 
tornado, earthquake, chemical spills, and power outages.  Components that should be 
included in an emergency plan are the responsibilities of employees, where to guide 
visitors, and whom to contact.  The park already has these components, but needs them to 
be written in a formal document accessible by all employees.  The park needs to establish 
varying assembly areas that are specific to the type of emergency.  For example, indoor 
assembly areas for evacuating during a tornado should be included. 
 The second OSHA standard involves the posting of maps and signs as well as 
evacuation routes.  Our results showed that there were no exit or route signs within the 
park that met OSHA standards.  There was also an absence of maps showing routes.  Our 
recommendation is to post signs in the strategic locations that allow them to be easily 
viewed by visitors.  Due to the nature of the evacuation plan, which involves assembly 
areas as well as routes and exits, we recommend that the park post signs stating which 
areas are to be used during an emergency as assembly areas, as well as routes from the 
ride exits to these areas and from the assembly areas to the park exits.  Figure 5.3.1 is a 
map marking proposed emergency exit route sign locations around the four rides under 
study.  The red dots are the suggested location for exit route signs; the green dots are 
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suggested locations to designate the assembly areas, which are shaded in green.  The four 
rides under study are colored yellow.  Exit route sign locations are recommended at any 
location along the route that offers the visitor a choice of direction. 
 
 
Figure 5.1 Map of Sign Locations 
 
Figures 5.3.2 – 5.3.3 are examples of proposed emergency exit and route signs that are in 
compliance with OSHA standards. 
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Figure 5.3.2 Assembly Point Sign 
 
 
Figure 5.3.3 Evacuation Route Sign 
   
 The third OSHA standard requires employees to be knowledgeable about their 
roles and responsibilities during an emergency.  Our findings from employee interviews 
were that 13 of the 15 employees interviewed knew that their first priority was the safety 
of the visitors.  Other responses were to address the emergency first.  In order to address 
this problem, a stronger emphasis needs to be placed on procedure during emergency 
training. 
The 11 of 15 employees responded during interviews that visitor safety deserves 
first priority during an emergency situation.  Because not all employees were certain of 
their responsibilities, we recommend additional written and verbal training. 
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 Written additions to emergency training should be included in the packet 
distributed to new employees.  This packet already contains information regarding 
assembly areas and medical emergencies; we believe that a summary of the order of 
procedures for an emergency situation would be adequate to eliminate employee 
confusion.  This order of procedures should be reviewed in the oral presentations during 
park general orientation, and should consist of the following components: 
1. Calmly direct visitors away from the immediate danger area to a safe zone 
(assembly area).  If the park must be evacuated, employees should accompany 
visitors out of the park. 
2. Notify a supervisor of the situation by radio 
3. If possible, attempt to address the emergency situation by use of emergency 
equipment, such as a fire extinguisher 
 Our recommendations for verbal training include more frequent emergency 
evacuation simulations of both the rides and the park.  Each employee should attend at 
least one simulation before beginning work at the park.  Records of employee attendance 
should be maintained for each simulation. 
 The fourth standard, which Parque de Diversiones met, was that emergency 
equipment should be provided and maintained.  We recommend that the park continue in 
its practices of periodically checking the fire extinguishers throughout the park to 
maintain the satisfaction of this standard. 
5.3.2 Recommendation for an Additional Exit from Pacuare 
 This section includes specific recommendations for the four rides under study.  
(Taking into account the physical constraints, we evaluated the compliance of the line 
structure with the number of visitors needed to be evacuated at the park’s high season.)  
The only ride in need of an additional exit is Pacuare, because its line structure contains 
more than 500 visitors during the high season.  For this reason, the current line structure 
needs to be modified to include a third exit. 
 There is an optimal location for the construction of this third exit; a photograph is 
included below.  To accommodate disabled persons, we recommend that the exit consist 
of a gate and ramp of no less than 96 centimeters in width and no more than a 12 degree 
incline.  Due to the park geography, a staircase with a handrail is also necessary. 
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 Figure 5.1 is a photograph of the recommended location for this third emergency 
exit.  Taken from the viewpoint of Reventazón’s line (to which it would lead), the current 
line structure of Pacuare, and the potential location for the gate, is visible. 
 
Figure 5.2 Location for Potential Third Pacuare Exit 
 
5.4 Conclusion 
 Our recommendations were made to help Parque de Diversiones improve ride 
efficiency and meet OSHA standards adopted by the IAAPA.  In summary, we 
recommend that Parque de Diversiones do the following to improve ride efficiency for 
the individual rides: 
  
Pacuare 
· Employees should assign visitors to groups shortly before loading 
· Employees always enforce minimum capacity rule 
· Install steps at loading area to assist children and elderly into boats 
· At unloading station, employees take corrective action when a boat fails to 
catch onto the conveyor belt 
 
 84 
Reventazón 
· Emphasize during training the importance of removing the raft in a timely 
manner at the unloading station 
· Increase supervision of employees 
  
Carros Antiguos 
· Prevent common mechanical problem by raising rail height at problematic 
turn 
· Specify during training how employees should respond to a derailed car 
  
Go Karts 
· Have a minimum of three employees working; one  
· Allow single riders to use double cars when necessary 
· Increase supervision of employees 
· Instruct employees to prioritize which riders need assistance fastening 
seatbelts 
 
Our recommendations for the creation and placement of signs for emergency 
exits, escape routes, and assembly areas are based on our observations of the park and 
where they may be most visible while providing adequate direction.  We have 
recommended that the park construct an additional exit for Pacuare; through these 
recommendations we hope to make the park safer for visitors.  Refer to Figure 5.3.1 for 
our recommended sign locations.  In summary, we recommend Parque de Diversiones do 
the following to improve park safety and meet OSHA and IAAPA standards: 
 
· Create a formal, written plan that includes 
o Chain of Command 
o Employee responsibilities 
o Where employees should guide visitors during an emergency 
o Whom employees should contact during an emergency 
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o Emergency types include fire, earthquake, tornado, chemical spill, 
and power outage 
· Add to employee training 
o Proper procedures for emergency situations 
o Hold more frequent simulations 
· Strategically place signs for exits, routes, and assembly areas throughout 
park 
o Signs must meet regulations 
· Modify the line structure of Pacuare to accommodate the number of 
visitors during the high season that may need to be evacuated 
  
We highly recommend another team of WPI students to work on a project with 
Parque de Diversiones involving the extension of our recommendations for four rides 
throughout the park and ensuring that Parque de Diversiones meets handicap accessibility 
standard. 
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Appendix A : Sponsor Description 
 
Parque de Diversiones is a non-profit amusement park outside of San José in La 
Uruca, Costa Rica.  Built to raise funds for the Hospital de Niños, its construction was 
complete December 18, 1981.  The idea to create an amusement park to generate profits 
for the hospital was developed by the Children’s Hospital Costa Rica Foundation, or the 
CHCRF.  Today, the CHCRF is still responsible for maintaining and improving the park, 
always with the main goal of earning more profits to be donated to the hospital (CHCRF, 
2007).  Also, profits from Parque de Diversiones pay for all administrative costs of the 
CHCRF, allowing 100% of donations to the organization to go directly to the Hospital de 
Niños (CHCRF, 2007). 
The CHCRF has two methods to generate funds for the Hospital de Niños:  
acquire donations from private organizations and corporations, and raise funds via Parque 
de Diversiones.  However, the park believes that it could increase profits by $200,000 if 
they could increase overall ride efficiency.  Currently, Parque de Diversiones earns 
$250,000 - $300,000; between 25% – 35% goes to the Hospital de Niños, with the 
remainder applied to maintenance, improving the park, and paying the 350 employees. 
The park expressed a desire to improve the efficiency of four of the rides, thereby 
allowing the park to generate the target profit increase for the Hospital de Niños.  Also, 
the park did not have a fully developed evacuation plan that complied with the 
international standards defined by the International Association of Amusement Parks and 
Attractions, or the IAAPA, which follows the regulations mandated by the Occupational 
Safety and Health Administration (OSHA). 
The company structure is typical:  there are managers, supervisors, and 
employees.  The managers concerned with this project were Braulio Petta, general 
manager, Siony Moya, ride manager, and Cinthia Nevarro, safety manager.  The 
supervisors report to Sra. Moya, and are in charge of micromanaging employees that 
work at the rides.  The park has a mission statement, which is:  “Propocionar alegría y 
diversión segura a nuestros visitantes y ofrecer servicios de excelencia a nuestros clients, 
con el propósito de brindar bienestar y formación a la sociedad costarricense y generar 
excedentes para realizar donacionas al Hospital de Niños.”  In English:  “To provide joy 
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and safe diversion to our visitors, and to offer excellent services to our clients, in order to 
promote well-being and strengthen Costa Rican society, and to generate donations for the 
Hospital de Niños.” 
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Appendix B : Interviews 
Appendix B1 Interview with Cinthia Nevarro 
Is there any written plan for emergency situations? 
 - No 
 
What types of situations would merit an evacuation?  (Ride and park situations) 
- Fire, tornadoes, earthquakes, chemical spills, and power outages 
 
During an evacuation, should visitors be led to the assembly areas or led outside the 
park? 
- It depends on the situation.  If it is a small emergency, we can evacuate the rides.  
If it is a grand scale emergency, evacuate the park. 
  
When should employees evacuate only to the Assembly Areas? 
- When it is a small emergency 
 
We noticed fire extinguishers around the park.  Is there at least one for every ride? 
 - Yes 
 
What is the system for notifying employees that there is an emergency?  Is there an alarm 
or a Public Address System, or a verbal announcement by employees? 
- Employees use radios to communicate.  There are different medical codes – red, 
yellow, green, and codes for missing or found children. 
 
What services have the Bomberos provided for the park? 
 - The Bomberos have trained the employees to use fire extinguishers 
 
Has there ever been an emergency situation on Pacuare, Reventazón, Carros Antiguos, or 
Go Karts? 
 - No 
 
Are there precautions taken by the park to help prevent emergencies? 
- There is a limit on the number of visitors allowed to be on the stairs at 
Reventazón and Pacuare 
 
Who trains employees for emergency situations? 
 - Siony Moya, ride manager  
 
How much safety training do the employees receive? 
 - Siony is in charge of safety training (Cinthia was not sure.) 
 
Is there a chain of command established?  For example, who speaks with the news 
media?  Who contacts family members?  Who ensures that all employees are accounted 
for? 
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 - No, but employees know to notify a supervisor by radio 
 
Is there any plan for taking accountability for employees?  (Is there a plan for where 
employees should report to during and after an emergency?) 
 - No, but employees should go to an assembly area 
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Appendix B2 Interview with Siony Moya 
Ride Efficiency 
 
¿Cómo entrenan a los empleados para operar los juegos mecánicos?  ¿Reciben el 
entrenamiento verbal además de las instrucciones escritas? 
How are employees trained to operate the rides?  Do they receive verbal training in 
addition to the written instructions? 
 
-- There is general verbal training.  New employee operators begin with the simple rides, 
usually the children’s rides.  There are 3 categories of rides, category 3 being the most 
complex.  Carros Antiguos is category 1; the other 3 rides are category 2. 
-- Employees graduate from a level after working 3 months.  After working at a level 3 
ride, they can become park managers.  (They must have worked through at least 2 high 
seasons.)  Legally, employees cannot be fired until they have worked at the park for a 
minimum of 3 months. 
 
¿Entrenan a los empleados de dar direcciones verbales a los jinetes? 
Are employees encouraged to give verbal directions to riders? 
 
-- Yes, the employees should be given verbal instructions to riders 
 
¿Parque de Diversiones ha hecho unos cambios en el pasado para mejorar el 
cargamento y descargamento de los juegos mecánicos? 
Has the park made changes in the past to try to make the loading and unloading be more 
efficient? 
 
-- No, no changes have been made 
 
¿Había hecho cambios en el entrenamiento para enseñar a los empleados para mejorar 
la operación de los juegos mecánicos? 
Have there been changes made to the training to instruct employees how to better operate 
the rides? 
 
-- Yes, changes have been made to the training.  It is more detailed and longer. 
 
¿Por cuánto tiempo, en promedio, trabajan empleados en el Parque antes de pararan? 
How often do employees quit?  What is the turnover rate? 
 
-- Employees stay for 1 – 2 years.  Usually they get to level 3 
 
¿Este rato es un problema importante para la calidad del trabajo? 
Is this rate a major problem for employee performance? 
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-- Claro 
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Emergency Evacuation Training 
¿Cuánto tiempo ser entrenaron los empleados para el seguridad (para una emergencia)? 
How long does safety training for each employee take? 
 
-- Siony does not know how much safety training employees receive, because she does 
not deal with it 
 
¿Qué actividades están utilizado para el entrenamiento de seguridad? 
What is involved for the safety training? 
 
-- They aren’t trained except for the written instructions 
 
¿Son los empleados entrenados para utilizar los extintores de fuegos? 
Are employees trained to operate fire extinguishers? 
 
-- Currently, no.  Only supervisors receive training for extinguisher operation. 
 
¿Son los empleados entrenados para sus objectivos un una situación de emergencia? 
Are employees trained for their role in an emergency situation? 
 
-- No, except for using the radios to tell the doctor if there is a medical situation. 
 
¿Practican los empleados, como una parte de entrenamiento,  para una situación de la 
emergencia? 
Do employees ever practice for an emergency situation as training? 
 
-- There are 2 simulations per year in the park that take place before the high seasons, but 
they are 6 months apart 
 
¿Los empleados son dichos a qué rutas de salida son las mejores? 
Are employees told which exit routes are best? 
 
-- They are told which ones to use, but since there is never a need for them they don’t use 
the information.  There are never emergencies. 
 
¿Saben los empleados adónde ir durante y después de una emergencia para saber quién 
falta? 
Do employees know where to assemble during and after an emergency to take 
accountability? 
 
-- No, there isn’t one that Siony is aware of.   
 
We also found that employees do not feel the need to fill the rides to maximum capacity 
because it will upset the visitors that do not want to combine groups. 
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Appendix B3 Employee Interviews 
 
Parque de Diversiones Employees 
This is the English translation of the questions which led the interviews conducted with 
park employees who work at the four rides under study concerning their responsibilities 
while operating the rides as well as their responsibilities in the event of an emergency. 
 
1. How long have you been working at Parque de Diversiones? 
2. What ride do you currently work on? 
3. When you began your job, what training did you receive for operating the ride? 
4. Do you try to fill the ride to maximum capacity? 
5. What goals do you have in terms of speed and safety when loading the ride? 
6. Do you have any ideas for improvements at your ride? 
7. When you began your job, what training did you receive for emergency 
situations? 
8. Where is the nearest assembly point to your ride? 
9. Where is the nearest exit out of the park to your ride? 
10. Where is the nearest fire extinguisher to your work station? 
11. What are your responsibilities if there is a fire on your ride? 
12. What are your responsibilities if your ride needs to be evacuated? 
13. What are your responsibilities if the park needs to be evacuated? 
14. Do you have any ideas for how the park could better prepare for an emergency? 
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Empleados del Parque de Diversiones 
 
1. ¿Por cuánto tiempo ha trabajado en Parque de Diversiones? 
2. ¿En cuál juego mecánico trabaja? 
3. ¿Cuando usted comenzó trabajando en el parque, recibió qué entrenamiento para 
operar el juego mecánico? 
4. ¿Intenta llenar los carros o botes a capacidad máxima? 
5. ¿Tiene metas para velocidad y seguridad cuando cargando los carros o botes? 
6. ¿Tiene ideas para mejorar el juego mecánico donde trabaja? 
7. ¿Cuando comenzó su trabajo, recibió qué entrenamiento para situaciones 
emergencias? 
8. ¿Dónde está el punto de asamblea más cercano de su juego mecánico? 
9. ¿Dónde está la salida del parque más cercano de su juego mecánico? 
10. ¿Dónde está el extintor del fuego más cercano de su estación de trabajo? 
11. ¿Qué son sus responsabilidades si hay un fuego en el juego mecánico? 
12. ¿Qué son sus responsabilidades si necesita evacuar su juego mecánico? 
13. ¿Qué son sus responsabilidades cuando el parque necesita evacuar? 
14. ¿Tiene ideas para mejorar el parque para una emergencia? 
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Appendix B4 Employee Responses 
 
The following are the notes taken on employee responses. 
 
Employee Interview 1 
1. One year and eight months 
2. Go Karts 
3. Watched over someone, mostly verbal training 
4. Yes, whenever possible by grouping   
5. No 
6. I would like an improvement in safety and productivity 
7. Some verbal 
8. Pueblo Antiguo 
9. Next to the parking lot   
10. In the workstation booth 
11. Help the riders exit the ride and then call the supervisor 
12. Organize the visitors and riders and safely move them to the assembly point. 
13. Organize the parks visitors and safely move them out of the park. 
14. The training could be better 
Employee Interview 2 
1. 5 years 
2. Go Karts 
3. Watched the rides for a month 
4. Yes, try to group customers together 
5. Keep the visitors in mind in terms of speed and safety 
6. Raise the side-bars on the track so the Go Karts can’t go over them 
7. None 
8. Pueblo Antiguo and the parking lot 
9. Main road to the exit, Behind Pacuare 
10.  In the workstation booth 
11.  Help the riders get out and then direct them to the assembly point 
12.  Direct people away from the danger 
13.  Help keep people calm 
14.  No 
Employee Interview 3 
1. 1 year 
2. Pacuare, at the unloading station 
3. Presentations and operator training, mostly oral 
4. Of course, by combining groups 
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5. More safety measures 
6. Yes, speeding up the ride. 
7. A little oral training 
8. The concert area 
9. Out of the employee parking lot. 
10. Under the stairs 
11. To help the visitors and riders out of the ride. 
12. To help move the visitors and riders to an assembly point and make sure they are 
calm. 
13. To help visitors stay calm. 
14. No 
Employee Interview 4 
1. 3 years 
2. Reventazón 
3. Different training periods, both oral and written 
4. Yes, but the ride always has two riders. 
5. Safety of the riders and visitors is most important 
6. No 
7. Yes, for all situations 
8. Pueblo Antiguo 
9. Out of the employee parking lot 
10.  In the work shed, but rarely used 
11.  To help the visitors but also put out the fire. 
12.  To guide the visitors away from the danger, visitors are the top priority 
13.  To guide visitors out of the park safely 
14.  More training 
Employee Interview 5 
1. 3 years and 3 months 
2. Reventazón 
3. Looked over someone operating the ride and we also received some presentations 
4. Yes, of course. 
5. To safely put riders in boats and make sure they are ready when starting the ride. 
6. Being told to give more direction to visitors. 
7. We were trained to know the Red/Yellow/Green code system and how to use the 
fire extinguisher. 
8. Pueblo Antiguo 
9. Out of the employee parking lot 
10.  In the work shed 
11.  To evacuate all the visitors and then call a manager 
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12.  To organize the visitors and take them to the assembly area or out of the park 
13.  To organize visitors and safely help them out of the park 
14.  Medical resources to attend to more than one accident in the park at a time. 
Employee Interview 6 
1. 7 months 
2. Carros Antiguos 
3. The induction along with oral instruction and presentations 
4. In general, yes. 
5. Making sure the visitors are safe 
6. Better functioning cars so there are less maintenance issues. 
7. Learned about the security zones around the rides, and all the park and ride exits 
8. Pueblo Antiguo 
9. Through the parking lot 
10.  By the loading area 
11.  Move the riders, put out the fire, and call the supervisor 
12.  Organize people, move them, and call the supervisor 
13.  Organize people and calmly move them 
14.  More technical training for emergency situations 
Employee Interview 7 
1. 2 weeks 
2. Carros Antiguos 
3. Oral, written, and presentations 
4. Yes, but there are restrictions for the number of people allowed on each ride. 
5. Make sure the riders are safe 
6. No 
7. We received some emergency training about assembly points. 
8. Pueblo Antiguo, Zona Verde 
9. The main entrance 
10.  At the loading area 
11.  Put out the fire and notify security 
12.  Organize visitors and move them to Pueblo Antiguo 
13.  To move the visitors safely 
14.  Pair employees to watch for problems on the ride 
Employee Interview 8 
1. 2 weeks 
2. Carros Antiguos 
3. Oral, written, and presentations 
4. Yes, but there are restrictions for the number of people allowed on each ride. 
5. Make sure the riders are safe 
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6. No 
7. We received some emergency training about assembly points. 
8. Pueblo Antiguo, Zona Verde 
9. The main entrance 
10.  At the loading area 
11.  Put out the fire and notify security 
12.  Organize visitors and move them to Pueblo Antiguo 
13.  To move the visitors safely 
14.  Pair employees to watch for problems on the ride 
Employee Interview 9 
1. 3 years 
2. Pacuare 
3. The induction and watching another employee work the kiddie rides 
4. Yes, but each ride has maximum and minimum limitations 
5. Keep visitors safe 
6. No, everything is fine. 
7. Simulations for different emergency situations 
8. The concert area and Zona Verde 
9. Through Ciudad Vial 
10.  In the work shed 
11.  To make sure the visitors are safe, then put out the fire and call a supervisor 
12.  To gather the visitors and help them out 
13.  To help keep everybody calm 
14.  None 
Employee Interview 10 
1. 3 years 
2. Pacuare 
3. Practice with another employee 
4. Yes, depending on the ride’s maximum and minimum 
5. Keep the rider’s safe 
6. No 
7. Yes, training for different types of emergencies 
8. The Concert Plaza and Pueblo Antiguo 
9. Through Ciudad Vial 
10.  In the work shed 
11.  Make sure the visitors are safe, put out the fire, and call a supervisor 
12.  To gather visitor’s and evacuate them to the assembly points and then call the 
supervisor 
13.  Make sure everyone stays calm and help them out of the park 
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14.  None 
Employee Interview 11 
1. 15 Months 
2. Reventazón 
3. Written and some practice with another employee 
4. Yes, I try to organize groups 
5. Try and keep the rider’s safe 
6. No 
7. Simulations and practice for different situations in addition to videos 
8. Zona Verde 
9. Through Ciudad Vial 
10.  In the work shed 
11.  Help the riders, put out the fire, and call a supervisor 
12.  Help visitors out of the ride 
13.  Help visitors out of the park 
14.  More training for emergencies 
Employee Interview 12 
1. 8 days 
2. Go Karts 
3. Induction and operations training 
4. If the ride isn’t full, then yes. 
5. Keeping the riders safe 
6. Not yet 
7. Induction from the doctor 
8. The Gazebo area 
9.  Through Ciudad Vial 
10.  In the work booth 
11.  To make sure the visitors are safe 
12.  Make sure everyone is safe and call a supervisor 
13.  Help everyone safely get out 
14.  None 
Employee Interview 13 
1. 3 years 
2. Go  Karts 
3. Induction and watching over someone 
4. Depends on the ride 
5. Make sure safety mechanisms are working properly 
6. No 
7. Simulations of different situations.  Where to evacuate visitors.  
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8. The Gazebo area 
9. Through Ciudad Vial 
10.  In the work booth 
11.  To evacuate riders to the Gazebo area and call a supervisor 
12.  Gather visitors and move them to the Gazebo area or El Mercado if there is a 
tornado 
13.  The help everyone move safely 
14.  Better track safety and more instruction in case of an emergency 
Employee Interview 14 
1. 5 days 
2. Pacuare 
3. Learning rules, how to treat visitors, and watching over an employee 
4. When possibly, but usually done by family 
5. Make sure everyone is holding onto the handles in the boat 
6. No 
7. Some verbal training 
8. Pueblo Antiguo and the Gazebo area 
9.  Through Ciudad Vial 
10.  In the work booth 
11.  To evacuate people and call a supervisor 
12.  To help children and stop the ride 
13.  To keep people calm 
14.  No 
Employee Interview 15 
1. 17 months 
2. Reventazón 
3. Shadowing another employee 
4. Yes, Reventazón runs with two riders at all times anyway. 
5. Keep the visitor safe. 
6. A roof over the end of the slide for shade and rain 
7. None, just some documents 
8. The Gazebo area 
9. Through Ciudad Vial 
10.  In the work shed 
11.  Get riders out of the ride and use the fire extinguisher 
12.  Evacuate the people on the stairs first and then the visitors in line 
13.  Keep everyone calm which escorting them out 
14.  More training for emergencies 
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Appendix C : Capacity Tables 
 
Table 0.1 Capacity Data for Pacuare 
Pacuare # of units Cap/unit # of riders Diff 
6/3 5 6 3 3 
 5 6 5 1 
 5 6 6 0 
 5 6 6 0 
 5 6 5 1 
 5 6 4 2 
 5 6 5 1 
 5 6 4 2 
 5 6 6 0 
 5 6 5 1 
Avg 5 6 4.9 1.1 
6/8 5 6 4 2 
 5 6 3 3 
 5 6 5 1 
 5 6 6 0 
 5 6 6 0 
 5 6 5 1 
 5 6 6 0 
 5 6 5 1 
 5 6 6 0 
 5 6 5 1 
Avg 5 6 5.1 0.9 
6/15 5 6 4 2 
 5 6 4 2 
 5 6 5 1 
 5 6 5 1 
 5 6 5 1 
 5 6 5 1 
 5 6 6 0 
 5 6 5 1 
 5 6 5 1 
 5 6 6 0 
Avg 5 6 5 1 
6/23 16 6 5 1 
 16 6 4 2 
 16 6 4 2 
 16 6 5 1 
 16 6 3 3 
 16 6 4 2 
 16 6 4 2 
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 16 6 4 2 
 16 6 5 1 
 16 6 4 2 
Avg 16 6 4.2 1.8 
 
Table 0.2 Capacity Data for Reventazón 
Reventazón # of units Cap/unit # of riders Diff 
6/3 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
Avg 7 2 2 0 
6/8 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
Avg 7 2 2 0 
6/15 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
Avg 7 2 2 0 
6/23 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
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 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
 7 2 2 0 
Avg 7 2 2 0 
 
Table 0.3 Capacity Data for Carros Antiguos 
Carros Antiguos # of units Cap/unit # of riders Diff 
6/3 5 4 2 2 
 5 4 2 2 
 5 4 3 1 
 5 4 4 0 
 5 4 2 2 
 5 4 2 2 
 5 4 3 1 
 5 4 2 2 
 5 4 3 1 
 5 4 3 1 
Avg 5 4 2.6 1.4 
6/8 3 4 3 1 
 3 4 2 2 
 3 4 4 0 
 3 4 3 1 
 3 4 2 2 
 3 4 2 2 
 3 4 3 1 
 3 4 3 1 
 3 4 2 2 
 3 4 3 1 
Avg 3 4 2.7 1.3 
6/15 4 4 3 1 
 4 4 3 1 
 4 4 2 2 
 4 4 2 2 
 4 4 4 0 
 4 4 2 2 
 4 4 2 2 
 4 4 2 2 
 4 4 2 2 
 4 4 3 1 
Avg 4 4 2.5 1.5 
6/23 5 4 2 2 
 5 4 3 1 
 5 4 2 2 
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 5 4 2 2 
 5 4 2 2 
 5 4 3 1 
 5 4 2 2 
 5 4 2 2 
 5 4 2 2 
 5 4 2 2 
Avg 5 4 2.2 1.8 
 
Table 0.4 Capacity Data for Go Karts 
Go Karts # of sing. # of doubs Cap/unit # of riders Diff 
6/3 12 5 22 22 0 
 12 5 22 22 0 
 12 5 22 21 1 
 12 5 22 15 7 
 12 5 22 21 1 
 12 5 22 22 0 
 12 5 22 22 0 
 12 5 22 22 0 
 12 5 22 22 0 
 12 5 22 22 0 
Avg 12 5 22 21.1 0.9 
6/8 11 3 17 16 1 
 11 3 17 13 4 
 11 3 17 13 4 
 11 3 17 17 0 
 11 3 17 15 2 
 11 3 17 17 0 
 11 3 17 13 4 
 11 3 17 15 2 
 11 3 17 16 1 
 11 3 17 15 2 
Avg 11 3 17 15 2 
6/15 12 2 16 14 2 
 12 2 16 16 0 
 12 2 16 16 0 
 12 2 16 16 0 
 11 2 15 14 1 
 11 2 15 15 0 
 11 2 15 15 0 
 11 2 15 15 0 
 11 2 15 14 1 
 11 2 15 14 1 
Avg 11.4 2 15.4 14.9 0.5 
6/23 10 3 16 14 2 
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 10 3 16 16 0 
 10 3 16 16 0 
 10 3 16 15 1 
 10 3 16 16 0 
 10 3 16 15 1 
 10 3 16 16 0 
 10 3 16 16 0 
 10 3 16 14 2 
 10 3 16 16 0 
Avg 10 3 16 15.4 0.6 
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Appendix D: Ride Time Tables and Graphs 
 
Table 0.1 Time Data for Pacuare 
Pacuare Load Time Safety Delay Time of Ride Unload Time 
6.3 18 53 300 25 
 20 40 402 59 
 29 53 269 26 
 45 51 262 27 
 43 51 311 60 
 40 49 267 30 
 45 34 281 144 
 22 38 279 118 
 30 49 297 54 
 37 35 308 24 
6.8 34 36 281 31 
 37 41 283 58 
 35 37 324 51 
 30 44 281 36 
 28 46 288 45 
 32 48 278 45 
 31 49 296 42 
 32 39 299 52 
 24 31 301 31 
 27 30 289 28 
6.15 24 58 287 25 
 23 37 288 17 
 34 43 288 61 
 26 42 285 46 
 26 45 285 28 
 23 43 277 23 
 30 43 271 25 
 35 43 267 23 
 37 36 285 30 
 32 39 276 19 
6.23 24 36 263 19 
 32 48 278 20 
 21 46 270 22 
 22 40 262 25 
 25 52 277 20 
 22 41 265 16 
 25 39 267 80 
 43 45 267 44 
 20 34 307 33 
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 29 51 309 39 
Average 29.8 42.875 286.75 40.025 
 
 
Table 0.2 Time Data for Reventazón 
Reventazón 
Load 
Time 
(L) 
Load 
Time 
(R) 
Time 
(L) 
Time 
(R) 
Unload 
Time 
(L) 
Unload 
Time 
(R) 
Between 
(L) 
Between 
(R) 
6.3 41 23 18 21 12 28 46 6 
 20 55 19 19 8 21 33 14 
 23 53 18 19 10 14 10 38 
 13 38 18 22 11 42 14 38 
 35 35 19 19 14 21 7 4 
 12 45 21 20 11 15 15 13 
 30 36 17 23 10 39 12 11 
 38 15 19 22 9 24 3 0 
 31 62 19 20 12 20 15 2 
 34 34 17 21 13 18 4 15 
6.8 85 60 19 22 21 23 0 6 
 21 69 16 20 32 17 9 4 
 32 37 17 20 9 17 32 4 
 18 38 18 21 6 16 11 31 
 89 32 20 20 7 13 9 2 
 32 39 20 21 7 10 10 15 
 28 12 19 21 13 16 15 13 
 15 21 21 20 11 14 12 16 
 25 49 19 21 9 10 14 21 
 21 27 19 20 44 12 10 6 
6.15 33 44 19 20 19 12 21 10 
 39 47 18 19 20 11 26 8 
 47 49 19 22 13 13 16 12 
 35 35 17 22 12 9 3 9 
 36 39 17 21 14 17 5 8 
 33 41 20 20 13 17 16 12 
 41 42 18 19 16 11 12 5 
 34 40 20 21 23 12 3 0 
 45 40 20 21 8 13 5 4 
 25 43 21 21 11 12 17 11 
6.23 35 58 20 20 16 119 11 11 
 38 36 19 21 13 14 12 7 
 37 60 20 21 10 14 29 18 
 45 17 21 22 12 12 11 18 
 37 53 19 20 8 10 2 11 
 31 25 20 20 10 11 6 17 
 23 29 21 22 20 13 17 4 
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 27 47 20 22 8 11 5 28 
 30 40 19 21 14 9 13 6 
 30 36 20 20 13 10 10 6 
Average 33.6 40.025 19.025 20.675 13.55 18.5 13.025 11.6 
 
 
Table 0.3 Time Data for Carros Antiguos 
Carros Antiguos Load Time Safety Delay Time of Ride Unload Time 
6.3 15 112 211 21 
 17 99 222 9 
 17 50 223 9 
 23 93 208 12 
 20 54 188 4 
 16 51 141 8 
 20 60 288 9 
 21 62 258 7 
 15 49 211 8 
 11 116 270 6 
6.8 25 86 260 15 
 26 86 202 9 
 96 66 236 10 
 49 39 244 16 
 18 77 169 13 
 14 105 248 11 
 20 85 173 8 
 33 63 131 16 
 17 54 148 12 
 18 140 370 9 
6.15 52 77 251 8 
 21 135 197 7 
 12 54 198 13 
 13 42 170 11 
 17 68 193 12 
 13 91 201 11 
 12 49 123 13 
 24 115 222 9 
 33 79 206 16 
 26 51 122 10 
6.23 31 73 128 5 
 22 73 305 9 
 16 101 306 6 
 16 83 220 12 
 27 98 220 7 
 13 66 282 12 
 22 129 242 9 
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 19 84 283 15 
 19 69 255 8 
 31 61 197 12 
Average 23.25 78.625 218.05 10.425 
 
 
 
Table 0.4 Time Data for Go Karts 
Go Karts Load Time Time of Ride Unload Time 
6.3 178 232 55 
 92 188 38 
 110 224 115 
 120 209 33 
 152 156 63 
 142 168 32 
 92 177 77 
 145 173 46 
 115 173 120 
 93 170 40 
6.8 68 243 58 
 66 200 54 
 74 200 46 
 87 165 50 
 123 192 44 
 104 185 51 
 77 168 120 
 83 171 71 
 71 181 49 
 101 212 59 
6.15 194 190 69 
 119 203 144 
 91 209 66 
 98 200 66 
 101 176 69 
 126 178 40 
 93 199 51 
 117 188 42 
 101 162 46 
 110 162 47 
6.23 75 200 75 
 81 169 37 
 113 175 78 
 100 169 58 
 72 172 35 
 124 190 37 
 110 
 69 211 110 
 126 214 40 
 106 191 36 
 84 205 77 
Average 104.825 188.75 61.1 
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Figure 0.1 Graph of Pacuare's Load Time 
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Figure 0.2 Graph of Pacuare's Ride Time 
 
Pacuare Unload
0
5
10
0 15 30 45 60 75 90 10
5
12
0
13
5
M
or
e
Time (s)
Fr
eq
ue
nc
y
 
Figure 0.3 Graph of Pacuare's Unload Time 
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Pacuare Safety Delay
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Figure 0.4 Graph of Pacuare's Safety Delay 
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Figure 0.5 Graph of Reventazón's Left Slide's Load Time 
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Figure 0.6 Graph of Reventazón's Right Slide's Load Time 
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Figure 0.7 Graph of Reventazón's Left Slide's Ride Time 
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Reventazón Ride Time (R)
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Figure 0.8 Graph of Reventazón's Right Slide's Load Time 
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Figure 0.9 Graph of Reventazón's Left Slide's Unload Time 
 
Reventazón Unload (R)
0
5
10
0 4 8 12 16 20 24 28 32 36 40 44
Time (s)
Fr
eq
ue
nc
y
 
Figure 0.10 Graph of Reventazón's Right Slide's Load Time 
 
Reventazón Between Time (L)
0
5
10
0 4 8 12 16 20 24 28 32 36 40 44
M
or
e
Time (s)
Fr
eq
ue
nc
y
 
Figure 0.11 Graph of Reventazón's Left Slide's Between Time 
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Reventazón Between Time (R)
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Figure 0.12 Graph of Reventazón's Right Slide's Between Time 
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Figure 0.13 Graph of Carros Antiguos' Load Time 
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Figure 0.14 Graph of Carros Antiguos' Ride Time 
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Figure 0.15 Graph of Carros Antiguos' Unload Time 
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Carros Antiguos Safety Delay
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Figure 0.16 Graph of Carros Antiguos' Safety Delay 
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Figure 0.17 Graph of Go Karts' Load Time 
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Figure 0.18 Graph of Go Karts' Ride Time 
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Figure 0.19 Graph of Go Karts' Unload Time 
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Appendix E : Exit Sign Regulations 
 
The following is a list of the OSHA regulations applicable to the exit and exit route signs 
at Parque de Diversiones taken from OSHA Standard 1910.37: General Means of Egress. 
 
· Exits must be marked by a readily visible sign. Similarly, access to exits must be 
marked by readily visible signs in all cases where the exit or way to reach it is not 
immediately visible to the occupants.  
· Any door, passage or stairway which is neither an exit nor a way of exit access, 
and which is so located or arranged as to be likely to be mistaken for an exit, must 
be identified by a sign reading "Not an Exit" or similar designation, or must be 
identified by a sign indicating its actual character, such as "To Basement," 
"Storeroom," "Linen Closet," or the like.  
· Every required sign designating an exit or way of exit access must be so located 
and of such size, color and design as to be readily visible. No decorations, 
furnishings, or equipment which impair visibility of an exit sign may be 
permitted, nor may there be any brightly illuminated sign (for other than exit 
purposes), display, or object in or near the line of vision to the required exit sign 
which might so detract attention from the exit sign that it not be noticed.  
· Every exit sign must be distinctive in color and must provide contrast with 
decorations, interior finish, or other signs.  
· A sign reading "Exit," or similar designation, with an arrow indicating the 
directions, must be placed in every location where the direction of travel to reach 
the nearest exit is not immediately apparent.  
· Every exit sign must be suitably illuminated by a reliable light source. Each 
internally illuminated exit sign must be provided in all occupied areas where 
reduction of normal illumination is permitted.  
· Every exit sign must have the word "Exit" in plainly legible letters not less than 6 
inches high, with the principal strokes of letters not less than three-fourths- inch 
wide.  
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Appendix F : Park Maps 
 
 
Figure 0.1 Map of Parque de Diversiones 
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Figure 0.2 Map of Ride and Assembly Point Locations 
 118 
 
Figure 0.3 Map of Bomberos' Route 
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Figure 0.4 Map of Pacuare's Entrances and Exits 
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Figure 0.5 Map of Exit Route for Pacuare's Main Entrance 
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Figure 0.6 Map of Exit Route from Pacuare's Main Exit 
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Figure 0.7 Map of Exit Route from Pacuare's Service Entrance 
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Figure 0.8 Map of Exit Route from Pacuare's East Exit 
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Figure 0.9 Map of Reventazón's Entrances and Exits 
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Figure 0.10 Map of Exit Route from Reventazón's Main Entrance 
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Figure 0.11 Map of Exit Route from Reventazón's Employee  Entrance 
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Figure 0.12 Map of Exit Route from Reventazón's North Exit 
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Figure 0.13 Map of Exit Route from Reventazón's South Exit 
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Figure 0.14 Map of Carros Antiguos' Entrance and Exits 
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Figure 0.15 Map of Exit Route from Carros Antiguos Main Entrance 
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Figure 0.16 Map of Exit Route from Carros Antiguos Main Exit 
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Figure 0.17 Map of Exit Route from Carros Antiguos South Exit 
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Figure 0.18 Map of Exit Route from Carros Antiguos North Exit 
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Figure 0.19 Map of Go Karts' Entrance and Exits 
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Figure 0.20 Map of Exit Route from Go Karts' Main Entrance 
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Figure 0.21 Map of Exit Route from Go Karts' Main Exit 
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Figure 0.22 Map of Exit Route from Go Karts' East Exit 
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Figure 0.23 Map of Exit Route from Go Karts' West Exit 
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Figure 0.24 Map of Suggested Exit Route and Assmebly Area Sign Locations 
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Figure 0.25 Map of Suggested Map Locations at Pacuare 
 
 
Figure 0.26 Map of Suggested Map Locations at Reventazón 
 
 141 
 
Figure 0.27 Map of Suggested Map Locations at Carros Antiguos 
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Figure 0.28 Map of Suggested Map Locations at Go Karts 
 
 
 
Figure 0.29 Map of Suggested Exit Sign Locations at the Boletería 
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Figure 0.30 Map of Suggested Exit Sign Locations at the Service Exit 
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Glossary of Terms 
 
Between Time (Reventazón): The time between when the boat is removed from the 
bottom of the slide until the time that the employee pushes the button to send the 
next boat 
Bomberos: Costa Rica’s national firefighting department 
Carros Antiguos: Antique car ride with a maximum capacity of four riders per car 
Conflict: “A situation in which two or more people try to enter the same space in onetime 
step” (Kirchner, A., Nishinari, K. & Schadschneider, A., 2003) 
Density: Number of pedestrians per unit area 
Employee Direction: Any vocal interaction between employees and riders 
Employee Performance: Actions taken by employees during the ride process 
Friction: The “clogging phenomena of pedestrians” (Kirchner, A., Nishinari, K. & 
Schadschneider, A., 2003) 
Go Karts: Go cart ride running about ten to twelve single cars and two to five double 
rider cars 
Hospital Nacional de Niños: Costa Rica’s national children’s hospital which receives 
donations from Parque de Diversiones 
IAAPA: International Association of Amusement Parks and Attractions 
Loading: The time between when a visitor is allowed to begin boarding a ride and when 
the ride departs 
Loading (Carros Antiguos): The time from when the visitors are allowed to enter the 
loading area until the time when the car begins moving 
Loading (Go Karts): The time from when the first rider is admitted from line until the 
whistle is blown and the cars are allowed to start the ride 
Loading (Pacuare): The time from when the first passenger is admitted into the  loading 
area boat until the employee pushes the button to send the boat down the slide 
Loading (Reventazón): The time from when the boat is placed on the loading area at the 
top of the slide until the employee pushes the button to send the boat down the 
slide 
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Mechanical Counter: A handheld easy way for an employee to count the number of 
riders moving through a ride 
Next Group Waiting Area: a contained area in which the next group of riders is counted 
into in order to aid in filling the ride to maximum capacity and save time during 
loading 
OSHA: Occupational Safety and Health Administration 
Outliers: The times observed that do not fall into the normal distribution of times; 
commonly a result of a problem during the ride process 
Pacuare: Whitewater rafting simulation ride with a maximum capacity of six riders per 
boat 
Pedestrian Dynamics: The “modeling and simulation of pedestrian and crowd 
movement” (Schreckenberg, M., Sharma, S., 2002) 
Reventazón: Two-person boat ride through an enclosed waterslide 
Ride Efficiency: The maximizing of the number of riders per hour which can be 
supported by each ride given the ride equipment and employees currently 
available 
Ride Process: The run cycle of a ride including the loading, run time, unloading, and the 
return to loading when applicable 
Rider: A visitor who is taking part in the ride process 
Rider Throughput: The number of riders per unit time found by multiplying together 
the average rate at which the ride runs and the average capacity per ride 
Ride Time (Carros Antiguos): The time from when the car first begins moving until it 
stops in the unload area 
Ride Time (Go Karts): The time from when the cars are first told to start moving until 
the time when the last car comes to a stop 
Ride Time (Pacuare): The time from when the employee pushes the button sending the 
boat down the slide until the boat comes to a stop in the unload area 
Ride Time (Reventazón): The time from when the employee pushes the button to send 
the boat down the slide until the boat comes to a stop at the bottom of the slide 
Safety Time Delay: The time between one ride unit leaving and the next one, specifically 
designed for the safety of the riders 
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Safety Time Delay (Carros Antiguos): The time from when a car leaves the loading 
station until it reaches the bridge on the ride track 
Safety Time Delay (Pacuare): The time from when a boat leaves the loading area until 
the boat is in the last turn of the slide 
Safety Time Delay (Reventazón): The time from when a boat leaves the loading area 
until the time that boat is unloaded and removed from the slide 
Single Rider Line: an area where visitors riding alone are separated from the remainder 
of the line, allowing the ride operator to easily place them in vacant seats on the 
ride to help reach maximum capacity 
Unloading: The time period when the ride comes to a stop and the rider(s) disembark 
from the ride 
Unloading (Carros Antiguos): The time from when the car comes to a stop until when 
all the riders are clear of the track 
Unloading (Go Karts): The time from when the employee blows the whistle telling 
riders to exit the ride until the next group is summoned to begin loading the ride 
Unloading (Pacuare): The time from when the boat first comes to a stop at the end of 
the ride until the employee pushes the button sending the unloaded boat off the 
conveyor belt 
Unloading (Reventazón): The time from when the boat comes to a stop at the bottom of 
the slide until the empty boat is removed from the slide 
Visitor: Any person at Parque de Diversiones who is not an employee 
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